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LETTER 

SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 

ACCOM  PA  NYIHO 

The  Annual  Heport  of  the  Board  of  Regents  of  the  Institution  for  the 
year  ending  June  30,  1808. 


SHITHSONIAJ4   InBTITUTIOK, 

Wathington,  I).  C,  March  4,  189!>, 
To  the  Congrens  of  the  United  States : 

Id  accordaoee  witb  section  5593  of  the  Bevised  Statutes  of  the 
United  States,  I  have  the  honor,  in  behalf  of  the  Board  of  BegeDts, 
to  sabmit  to  Congress  the  Annual  Report  of  the  operatious,  expend- 
itures, and  condition  of  the  Smithsonian  lostitntioa  for  tbe  year 
ending  June  30,  1898, 

I  have  the  honor  to  be,  very  reepectfully,  your  obedient  servant, 
S.  P.  LawglSy, 
Secretary  of  Smithsonian  Institution. 
Hon.  Qarbet  A.  IIobaet, 

President  of  the  Senate. 
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ANNUAL  REPORT  OF  THE  SMITHSONIAN  ISSTirUTION  FOR  THE 
YEAR  ENDING  JUNE  30.  1S98. 


Bt'BJBCTS. 

1.  Proceedinfts  of  the  Board  of  Regents  for  the  suasion  of  Janaary, 
1898. 

2.  Beport  of  the  Execative  Oommittee,  exhibiting  the  financial  a&irs 
of  the  Institation,  incladinf  a  statement  of  the  Smithson  fond,  and 
receipts  and  ezpenditiues  for  the  year  ending  Jone  30, 1898. 

3.  Annaal  report  of  the  Secretary,  giving  an  aoooont  of  the  opera- 
tions aud  eoDditioD  of  the  Institntion  for  the  year  ending  Jane  30, 1898, 
with  statistics  of  exchanges,  etc. 

i.  General  appeudix,  comprising  a  selection  of  miscellaneona  memoirs 
of  interest  to  oollabonttors  and  correspondents  of  the  Institation, 
teachers,  and  others  engaged  in  the  promotion  of  knowledge.  These 
memoirs  relate  chiefly  to  the  calendar  year  1898. 
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HEGBNTS  OF  TBB  BUITHSONIAN  INSTITITIOX. 


By  the  organizing  act  approved  Angaat  10,  1846  (Revised  Statates, 
TiUe  LXXIII,  Bection  5580),  and  amended  March  12, 1891,  "  The  ^osi- 
uesH  of  the  institation  aball  be  coodacted  at  the  city  of  Washington 
by  a  Board  of  Regents,  named  the  Regents  of  the  SmithsoDisn  Insti- 
tntion,  to  be  composed  of  the  Ylce- President,  the  Ghi^  Jostice  of  the 
United  States,  three  members  of  the  Senate,  and  three  members  of 
the  Hoose  of  Bepresentativea,  together  with  six  other  persons,  other 
than  Members  of  Congress,  two  of  whom  shall  be  reaident  in  the  city 
of  Washington  and  ti)f>Qther  fonr  shall  be  inhabitants  of  some  State, 
but  DO  two  of  the  same  State." 


REGESTS  FOR  THE  TEAR  ENDING  JUNE  SO,  189S. 

Tbe  Chief  Jaitice  of  tbe  United  St&tea: 

UELVILLB  W.  FULLER,  elected  Chancellor  and  I'reaident  of  the  Bonrd  J&n- 
nai?  9,  1889. 
Tbe  Vlc«-I<reaid«Dt  of  the  United  Slates : 
OABRET  A.  HOBABT  (March  4,  1897). 

Term  erplrec 
United  StateH  Senators : 

JUSTIN  S,  MQHRILL  (appointed  Feb. 21, 1883,  Mar.  23,  18K>,  Dec. 

15,  1891,  and  Mar.  15,  1897) Mar.   3,1903 

SHELBY  U.  CULLOH  (appointed  Mar.  23,  1885,  Mar.  28, 1889,  and 

Doc.  18, 1895) rr^^.^ 

OEOBGE  OBAY  (appointed  Dec.  20, 1892,  and  Mar.  20,1893) Mar.   3,1 

Members  of  the  HoDM  of  RepreMntatires: 

JOSEPH  WHEELER  (appointed  Jan.  10, 1888,  Jan.  6. 1890,  Jan.  15, 

1892,Jan.4,1894,Dec.20, 1895,  and  Dec.  22, 1897) Deo.  22, 1 

ROBEHT  R.  HITT  (appointed  Ang.  II,  1883,  Jan.  4,  1894, Deo.  20, 

1896,  and  Dec.  22, 1897) Deo.  22,  1 

ROBERT  ADAM8,  Jr.  (appointed  Deo. 20, 1895, and  Dec.  22, 18ff7). .  Deo. 22, 1; 
Cltii^eneofaStaM: 

JAMES  B.  ANOELL,  of  Miobigan  (appointed  Jan.  19,  1887,  and 

Jan.  9,  1893) J 

ANDREW  D.  WHITE,  of  New  York  (appointed  Feb.  15,  1888,  and 

Mar.  19,  1891) Mut.  19, 

WILLIAM  PRESTON  JOHNSTON,  of  Lonislana  (appointed  Jan. 

26,  1892,  and  Jan.  2t,  1898) ' 

Citi/^ns  of  Waebington : 

JOHN  B.  HENDERSON  (appointed  Jan.  26, 1892,  and  Jan.  24, 1898) . 
(JARDINER  0.  HUBBARD  (appointed  Feb.  27, 1895),  died  Dec.  11, 
1897. 

WILLIAM  L.  WILSON  (appointed  Jan.  1*.  1896) Jan.  14, 1902 

ALEXANDER  GRAHAM  BELL  (appointed  Jan.  24. 1898) Jan.  24. 1904 


i,  1899 


i,  1899 


).1899 


1,1901 


KxtCHtive  CommiflM  of  tht  Board  of  Regtiitt. 
J,  B.  Hendbbbun,  Chairman.         WlLUAM  L.  WiteON.         Gakoim 
Albxandkh  Guauam  Uru.  (from  Jan.  26, 1898). 


GoQi^lc 


PROCEEDlNtlS    OF    THE    BOARD    OF   REGENTS    OF  THE 

SMITHSONIAN  INSTITUTION, 

At  the  Annual  Mebting  Held  January  26, 1898, 


In  accordance  with  tbe  resolation  of  the  Board  of  Regents  adopted 
January  8, 1890,  by  which  Ita  stated  annual  meeting  occars  on  the 
fourth  Wednesday  of  January,  the  Board  met  to-day  at  10  o'clock  a.  m. 

PreBent:  Tbe  Obancellor  (Mr.  Chief  Justice  Fuller],  in  the  chair; 
the  Hon.  Garret  A.  Hobart,  Vice  President  of  the  United  States;  the  . 
Hon.  J.  3.  Morrill;  tbe  Hon.  George  Gray;  the  Hon.  Joseph  Wheeler; 
the  Hon.  R.  R.  Hitt;  the  Hon.  Robert  Adams,  jr.;  the  Hon.  William 
L.  Wilson;  the  Hon.  J.  B.  Heuderson;  the  Hon.  Alexander  Graham 
Bell;  and  the  Secretary,  Mr.  8.  P.  Langley. 

Excuses  for  nonattendance  were  presented  from  Senator  OuUom  and 
Dr.  William"  Preston  Johnston. 

At  the  Chancellor's  snggestion,  the  Secretary  read  the  minutes  of 
tbe  last  meeting  in  abstract. 

The  Chancellor  said,  in  relation  to  the  matter  of  the  appointment  of 
an  Acting  Secretary,  that  be  had  found  that  his  predecessor,  when  he 
made  an  appointment  of  this  kind,  occasionally,  beconld  not  say  always, 
reported  it  to  the  Board,  and  as  he  had  made  an  appointment  of  an 
Acting  Secretary  last  May,  he  would  read  its  terms  as  a  report  to  the 
Board: 

'Whereaa  it  has  bMD  signlfled  to  the  undersigned,  Chancellor  of  the  Smitluolliaii 
Institntioii,  that  the  contioKencf  of  tbe  iDal>ilit7  of  the  Secretarf  of  tbe  Smithso- 
nian lostitntioii  to  dischafge  the  dntiea  of  that  offlce  is  about  to  arise,  by  leaaon  of 
hii  absence  troia  the  United  States; 

Now,  therefore,  hy  the  anthority  conferred  on  me  b;  the  oot  of  Congress  entitled 
"An  act  to  provide  for  the  appointment  of  an  Ac:ting  Seuretary  of  the  Smithsonian 
Institntion,"  approved  Uaj  13,  1884  (23  Stat.,  21),  I  berob;  appoint  Mr.  Richard 
Ratbbun  an  Asslataiit  Secretary  of  the  IciBtltutiou,  to  act  as  Secretarf  of  the  Smith- 
Bonlaii  Institution  daring  the  inability  uf  the  Stvcretary  to  perform  its  duties. 

Qiren  under  my  band  at  Washington,  D.  C,  this  22d  dn;  of  May,  A.  D.  18OT. 
Mrlvim.e  W.  Fdi-i-br, 
Chanoeltor  of  the  Smititoiiian  Imtituiion. 

There  being  no  further  remarks,  tbe  Chancellor  declared  the  minutes 
approved. 

Tbe  Secretary  said  that  he  had  tbe  sad  duty  to  officially  announce 
the  death  of  Mr.  Gardiner  G.  Hubbard,  a  late  resident  Regent  of  tbe 
Institution, 
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Mr.  Wilson  tben  offered  tbe  following  reaoIationB: 

WbaieM  the  Hod.  Ou4!D«r  Gre«De  Habbard,  a  oitizen  Beg«Dt  and  a  member  of 
tbe  ExccDtive  Committee  of  the  SmitbaoaiaD  Inatitatlon,  died  at  his  raidenoe  in 
thU  city  OD  tbe  lltb  day  of  December,  1897; 

lUtoltttd,  That  the  R«geulB  of  tbe  InatitatioQ  plaoe  npoo  their  records  this  teati- 
monial  of  their  respect  and  admiration  for  Mi.  Hnbbard,  aa  a  BiDgnlarlj  public- 
spirited  citUen,  ao  eTer-geneToas  promoter  of  education,  and  aetiro  patron  of 
•cfeotiBo  work ;  and  this  «xpr«saion  of  their  sincere  regret  for  tbe  toes  of  a  eoUcAgne 
and  Crteod,  wboee  life  was  adorned  by  eo  many  penonal  virtaes  and  whoee  anocia- 
tion  with  them  has  left  so  many  endearing  memoriea. 

Aewflnd,  That  a  copy  of  this  minnte  be  engrossed  and  transmitted  to  the  family  of 
Mr.  Hnbbard. 

Qeoeral  Wlieeler  said  that  Mr.  Hubbard  had  impressed  him  so  &Tor- 
ably  by  hie  public  spirit  and  by  tbe  great  good  he  had  dooe,  that  be 
oonsidered  his  death  aloss  not  only  to  tbis  Institotion  and  to  bis  friends, 
but  to  the  entire  coDntty. 

On  motion  the  resolutionB  vere  adopted  by  a  rising  vote. 

Tbe  Secretary  aimoonced  the  appointment  and  reappointment  of 
Begents  as  follows: 

Senator  Justin  S.  Morrill  reappointed  by  the  Vice-President  oo  March 
15, 1897. 

Hr.  Joseph  Wheeler,  Mr.  R.  B.  Bitt,  and  Mr.  Robert  Adams.  Jr.,  reap- 
ed by  the  Speaker  on  December  22,  initl. 

Mr.  J.  B.  Henderson  and  Dr.  William  Preston  Johnston  reappointed 
by  joint  resolntion  of  January  24.  ISS^t. 

Mr.  Alexander  Graham  Bell  appointed  to  the  vacancy  caused  by  Mr. 
Hubbard's  death,  by  joint  resolution  of  January  2^,  ISUS. 

The  Chancellor  stated  that  certain  vacancies  existed  on  the  Execa- 
(ave  Committee. 

Mr.  Adams  moved — 

That  Ur.  HendenoD  he  rwWtcd  Chainoaa  of  tbe  HlxnmCirc  Committee. 

Carried. 

General  Wheeler  moved — 

That  Hr.  Alesaodei  Graham  Betl  be  elM^ted  to  fill  tbe  racamey  on  Iba  Eievntin 
Committn-  eansed  by  (be  death  of  Hr.  Hnbb  tnl. 

Carried. 

The  Secretary  presented  his  annua)  report  of  the  operations  of  the 
lustitntioD  for  the  fiscal  year  ending  June  30, 189i,  stating  that  there 
was  very  little  to  say  in  addition  to  tbe  printed  report,  which  he  hoped 
was  self-explanatory,  though  he  might  add  that  he  did  not  think  there 
had  been  any  time  in  the  history  of  the  Institution  when  it  had  given 
more  gratif^jing  evidoice  of  its  importance  and  growth.  What  it  had 
done  in  the  way  of  publication  during  this  period  could  be  seen  by  a 
glance  at  the  table  npon  which  tbe  numerous  new  volumes  were  placed 
for  scmtiny. 

On  motion  tbe  rqiort  was  accepted. 
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Senator  Henderson  presented  the  report  of  the  Plxecntive  Committee 
and  explained  that  it  broagbt  the  fluancial  matters  of  the  lustitution 
Dp  to  the  30th  of  Jane  last. 

On  motion  the  report  was  adopted. 

Senator  Henderson  iutrodaced  the  (lostomar;  resolntion  relative  to 
income  aud  expenditare,  which  va»  adopted  as  follows: 

B«iolred,  That  the  income  of  tbe  luatitntion  for  the  fiaoal  year  endiag  Jan*  3I>, 
1899,  be  appropriated  for  the  serTice  of  tbe  iDstitntiou,  to  be  expended  by  tbe  Secie- 
ttay  with  tbe  advice  of  the  Kxecative  Committee,  with  fnll  discretion  on  tbe  psrtof 
the  Secretary  as  to  itemi. 

Senator  Henderson,  on  behalf  of  tbe  Permanent  Committee,  stated 
that  he  had  made  a  report  at  the  last  annual  meeting  on  tbe  condition 
of  the  flairs  of  the  Hodgkins  and  Avery  Beqnests^and  that  there  was 
very  little  to  add  to  it. 

In  regard  to  the  -Hodgkins  fund,  Dr.  M.  L.  Chambers,  tbe  Execator  of 
Mr.  Hodgkins,  bad  lately  requested  to  be  relieved  of  his  traut  in  connec- 
tion with  the  estate.  He  still  held  the  proceeds  of  two  mortgage  notes 
amounting  to  about  910,000,  having  received  notice  that  be  would  be 
held  responsible  upon  a  warranty  given  by  Mr.  Hodgkins  to  Edward 
Smith,  of  tbe  title  of  certain  premises  in  New  York  City.  The  case  was 
then  pending  in  the  Court  of  Appeals,  and  was  expected  to  come  ap 
for  trial  soon.  Everything  was  going  along  properly  and  the  Chair- 
man hoped  that  at  tbe  next  aunnal  meeting  he  would  be  in  a  position 
to  make  a  report  of  the  entire  disposition  of  the  property. 

Concerning  tbe  Avery  bequest,  Senator  Henderson  said  tbat  Bobert 
Stanton  Avery,  who  died  at  Washington  on  September  12, 1894,  left  the 
balk  of  bis  property  to  the  Smithsonian  lustitation.  His  will  was 
probated  February  2, 1895,  tbe  executrix  bad  filed  a  first  account,  and 
the  estate  was  now  nearly  administered  upon. 

The  personal  estate  was  invested  in  Xorthern  Pacific  Railroad  bonds, 
which  bad  to  be  scdd  at  a  very  great  discount  on  their  face  vatae.  The 
Inatitation  was  now  in  possession  of  five  pieces  of  real  estate  and  four 
hoDSes,  located  in  northeast  and  southeast  Washington.  One  of  these, 
the  home  of  tbe  testator,  had  been  occopied  since  his  death  by  the 
ezecotrix,  Miss  Avery,  at  a  small  rent.  This  property  had  been  valued 
by  experts  employed  by  the  Institution  at  t4,760.  Miss  Avery  offered 
for  it  $4,600,  tbe  same  to  be  set  off  against  an  allowance  of  94,600  for 
her  services  to  her  late  uncle  during  bis  illness.  Although  this  offer 
was  $250  less  than  the  expert  valuation,  all  things  considered  it  seemed 
a  wise  course  to  accept  it,  and  this  bad  lately  been  done. 

One  of  the  pieces  of  property  stood  in  the  name  of  the  testator's  wife, 
but  his  will  expressly  stated  tbat  he  furnished  the  money  for  its  par- 
chase,  and  tbe  property  was  his.  The  Institution  filed  a  bill  in  equity 
to  enjoin  the  heirs  at  law  of  Mrs.  Avery  ftoin  asserting  ownersbip.  In 
the  Equity  Court  tbe  prayer  of  tiie  bill  was  granted.  The  Court  of 
Appeals  reversed  this  decision,  and  the  Institution  carried  the  case  to 
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tbe  Supreme  Coart  of  tlie  Uiiited  States,  where  it  was  argued  on  the 
12tb  iDstsDt. 

The  entire  property,  provided  the  Bait  in  the  Sapreme  Court  was 
favorabt;  decided,  would  amonnt  to  aboat  430,000;  otherwise,  to  aboat 
924,000.  The  houses  were  in  good  oooditioe,  and  were  bringing  a  fair 
rental. 

Miss  Avery  had  presented  a  claim  of  96,000  aa  compensation  for  tbe 
very  trying  daties  she  had  to  perform  in  the  care  of  her  uncle.  She 
prosecnted  tier  Bait  before  the  Probate  Ooort,  and  the  Permanent  Oom- 
mittee  bad  come  to  the  conclusion,  when  the  facts  were  presented,  that 
It  woald  be  better  that  she  should  be  settled  with  than  to  go  to  a  jury, 
and  they  compromised  on  a  settlement  of  $4,500.  She  now  offered  to 
take  the  property  at  that  figure  in  lien  of  the  money,  and  the  Commit- 
tee thought  it  was  advisable  to  accept  the  offer;  but  the  attorney 
recently  called  attention  to  the  faot  that  there  was  a  doubt  as  to  the 
conveyance  and  the  making  of  deeds  by  the  Institation. 

It  seemed  to  him  (Senator  Henderson)  that  if  the  Institution  were 
aathorized  to  hold  property,  it  should  certainly  also  by  some  means  be 
authorized  to  convey  or  exchange  this  property.  The  rental  of  this 
particular  piece  did  not  much  more  than  pay  taxes  and  it  was  con- 
sidered desirable  to  get  rid  of  it.  In  order  to  meet  the  difilcnlty  as  to 
conveyance,  he  would  offer  the  fi^llowing  resolution,  expressing  the 
opinion  that  it  was  the  best  arrangement  that  could  be  made: 

Raolred  by  the  Board  of  SegenU,  That  tba  SocTOtar;  of  th«  Sinithaoiiiaii  InHtitution 
IB  authorized  and  empowered  to  Bell  and  convey,  OD  snub  terms  as  may  aeem  to  him 
mcist  beneficial  to  the  Tnatitntion,  any  and  all  lands,  town  lota,  and  improvements 
thereon,  which  were  devised  or  conveyed  tos^d  institation  by  B.  S.  Avery,  deceased. 

And  in  the  eiecntioa  of  the  power  hereby  conferred  on  him,  the  Secretary  shall 
execute  to  the  vendees,  respectively,  written  oooveyancea  signed  Mid  acknowledged 
by  himself  as  Beoretary  aforoaaid,  and  attested  hy  tbe  eeal  of  the  Smfthaonfan 
Institution. 

Senator  Henderson  stated  that  this  covered  the  matters  under  the 
chaise  of  the  Permanent  Committee,  except  doe  of  minor  importance, 
which  had  already  been  before  the  Board,  namely,  the  question  as  to 
whether  Congress  should  be  asked  to  remit  taxes  on  real  estate  belong- 
ing to  the  Institution. 

The  Chancellor  said  that  three  matters  were  under  consideration : 

1.  In  regard  to  the  report.    On  motion,  tbe  report  was  accepted. 

2.  On  the  adoption  of  the  resolution  with  regard  to  conveying  real 
estate.    On  motion,  the  resolution  was  adopted. 

3.  A  general  discussion  then  ensued  in  regard  to  tbe  exemption  from 
taxation  of  the  Avery  property,  and  while  no  formal  action  was  taken, 
the  prevailing  opinion  was  ttiat  it  was  better  to  pay  the  taxes  than  to 
ask  exemption  of  Congress. 

The  Secretary  annonnced  his  acceptance  of  the  resignation  of  Vrot 
Charles  D,  Walcott  as  Acting  Assistant  Secretary  iu  Charge  of  the 
National  Maseum,  to  take  effect  on  July  1,  189$,  and  requested  the 
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aathority  of  the  Board  to  tranafer  to  that  positiou,  if  it  seemed  best 
for  the  Maseam's  interests,  the  preseut  Assistant  Secretary  in  Gliarge 
of  OflBce  and  Ezehaages,  Mr.  Bichard  Ratbbun.  The  Board  then 
adopted  the  following  resolatiou : 

RnolTtd,  That  the  restrictioD  planed  apan  the  duties  of  Hr.  Richard  Buthbnn  by 
the  terms  of  hia  appointment,  approved  by  the  Board  on  February  I,  1897,  l>e 
rttmovod,  to  permit  of  bis  oseignment  by  the  Seoietwy  to  such  duty  as  be  may  deem 
belt  for  the  int^reets  of  the  Institation ;  this  to  take  effeet  not  before  July  1, 1898. 

The  Secretary  asked  aatbotity  to  use  a  portion  of  the  accraed 
interest  of  the  Hodgkine  Fund  in  connection  with  his  ezpeiiueuts  lu 
mechanical  flight.  After  diacnssion  the  Board  adopted  the  following 
resolution : 

That  the  Board  aathorize  any  expenditures  hereader  to  be  made  tiora  tbe  iucoiiie 
of  the  Hodgkins  Fiiod,  having  tbe  approval  of  the  Exeontlve  Committee,  in  regard 
to  the  flipeQBee  of  certain  experimentB  being  eondncted  by  the  Secretary  iu 
mechanical  flight;  and  that  a  report  of  these  expenditnree  Ehall  be  Bobmitted  to 
tlie  Board  at  ite  next  annnal  meeting, 

The  qtieation  being  pnt,  the  motion  was  carried. 

The  Secretary  said : 

1  explained  last  year  to  the  Board  the  great  difflcnltjes  which  the  Civil  Service 
rules  introduced  iu  making  an  appointment  to  the  scientiflo  bareane  of  the  lostltu- 
tiim,  and  I  again  ask  their  att«Dtio>t  to  tbe  letter  of  their  colle^ne,  Dr.  Witeon, 
then  PoBtmaeter.aeDeral,  wbioh  1  submitted  to  them  at  that  time,  aa  folluirs; 

"Oppicb  oe  Postmastkr-Obneral, 
"  Watkington,  D.  C,  January  SS,  1897. 
"Dear  Fbofbssor  Lahglby:  I  submitted  to  the  President  the  letter  you  gave  me. 
He  seemed  favorably  inclined  to  your  suggestion  that  the  Assistant  Secretary  and 
tbe  four  heads  of  burenns  should  be  excepted,  and  retained  the  letter,  saying  that 
be  trould  at  ouce  send  it  to  the  Civil  Service  Conuniasion  for  that  purpoao.  Unless 
the  Commission,  therefore,  make  some  adverse  report,  aabstantial  enough  to  arrest 
hla  incltnation,  I  think  the  esoeption  will  be  made. 

"Yonrs,  truly,  W.  L.  Wilson, 

"Prof.  S.  P.  Langlky.'" 

Ihave  twice  urged  upon  tbe  Commission  tbedesirability  of  making  this  exception, 
hnt  they  b£ve  not  done  so,  thongh  the  head  of  tbe  Commiselon  expresses  a  willing- 
ness to  go  with  me  to  the  President  in  asking  him  to  make  auy  specific  exception  to 
some  speoifie  name,  but  this  is  not  what  the  late  Preeident.of  tbe  United  States  (as 
interpreted  by  the  late  Postmaster-General)  meant,  for  the  President  recognited, 
when  the  subject  was  brought  to  bis  attention,  that  it  was  probably  a  vary  difficult 
matter  to  get  any  man  who  was  competent  to  take  one  of  those  positions,  and  eape- 
oially  that  of  the  ABsistant  Secretary  iu  Charge  of  the  Mnsenm,  to  stand  an  examina- 
tion. Since  this,  an  additional  year's  experience  has  led  me  to  feel  that  I  may  yet 
be  glad  to  see  excepted,  if  not  all  positions  in  the  Bureaus  under  the  Board's  cautral, 
then  at  least  all  scientific  positions  under  them.  I  desire  the  instructions  of  the 
Board  on  this  point. 

After  some  diacassion,  the  following  resolution  was  adopted : 

Bttolred,  That  the  Secretory  be  instincted  to  request  of  tbe  President  snchamodi- 
floatlon  of  the  Civil  Service  regulations  relating  to  appointments  as  will  permit  an 
exemption  of  inch  scientific  jHwltione  under  the  Smithsonian  Institution  as  the  Sec- 
lelftry  may  deem  beet  for  the  interests  of  the  Institution. 
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REPORT  OF  THE  EXECUTIVE  COMMITTEE  OF  THE  BOARD  OP 

REGENTS  OF  THE  SMITHSONIAN  INSTITUTION 

Fob  the  Yeab  Ekdinq  June  30,  180H. 


To  the  Board  of  Regenti  of  the  Smithsonian  Institution: 

Your  Execative  Committee  reapectfnlly  submita  tbe  following  report 
in  relation  to  the  funds  of  the  Institntion,  the  appropriations  by  Con- 
gress, and  tbe  receipts  and  expenditures  for  the  Smithsonian  iDstitu- 
tioii,  the  U.  S.  National  Museum,  the  luternational  Exchanges,  the 
Bureau  of  Ethnology,  the  National  Zoological  Park,  and  the  Astro- 
physical  Observatory  for  the  year  ending  June  30, 1898,  and  balances 
of  former  years : 

SMITHSONIAN    INSTITUTION. 

Condition  of  tlie  Fund  July  3,  18!)8. 

The  amount  of  the  bequest  of  James  Smithson  deposited  in  the 
Treasnry  of  tbe  United  States,  according  to  act  of  Congress  of  August 
10, 1846,  was  $515,169.  To  this  was  added  by  authority  of  Congress, 
February  8,  1867,  tbe  residuary  legacy  of  Smithson,  savings  from 
income  and  other  sources,  to  the  amount  of  (134,831. 

To  this  also  have  been  added  a  bequest  from  James  Hamilton,  of 
Pennsylvania,  of  (t,000;  a  bequest  of  Dr.  Simeon  Habel,  of  New  York, 
of  $500;  the  proceeds  of  tbe  sale  of  Virginia  bonds,  $51,500;  a  gift 
ftom  Thomas  O.  Hodgkins,  of  New  York,  of  $200,000  and  $8,000,  being 
a  portion  of  tbe  residuary  legacy  of  Thomas  O.  Hodgkins,  and  $1,000, 
the  accamnlated  interest  on  tbe  Hamilton  bequest,  making  in  all,  as 
the  permanent  fund,  $912,000. 

Tbe  Institntion  ^so  holds  the  additional  sum  of  $42,000,  received 
upon  tbe  death  of  Tbomas  G-.  Hodgkins,  iu  registwed  West  Shore 
Bailroad  4  per  cent  bonds,  which  were,  by  order  of  this  Committee, 
nnder  date  of  May  18, 1894,  placed  in  tbe  bands  of  the  Secretary  of  the 
Institution,  to  be  beld  by  him  subject  to  tbe  conditions  of  said  order. 
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SlaUmeHi  of  Ihe  BtetipU  a»d  Expenditare*  from.  Julg  1,  1S97,  to  Jum  SO,  1898. 
KeCBiiTa. 

C(»honhaiidJalyI,1897 $61,532.60 

Interest  on  fund  July  1, 1897 $27,360.00 

IntetMt  on  fund  Jttnnary  1, 1898 27,860.00 

54,720.00 

iDteieat  to  Jtuin»T;  1, 1898,  on  Wast  Shoro  bonds 1, 680. 00 

$117,932.50 

Caali  ftom  sales  of  pnblications 458.08 

Cub  from  reparmente,  freight,  etc 10,320.11 

10,778.22 

Total  receipts 128,710.73 

RXPBNDI  TURKS. 

Building: 

Repairs,  care,  and  improTements $8, 065.  .SO 

P^mitare  and  fiitnres 79.89 

$3,145.19 

General  expenses: 

Postage  and  telegraph 222.22 

Stationery 1,311.29 

General  printing 93.50 

IncldenUlt  (fuel,  gas,  etc.) 5,320.53 

Library  (books,  periodloole,  eto.) 3,30G.9B 

Salaries' 22,309.44 

Oalleryof  Art 11.25 

Meetings 110.77 

32,684.96 

PabliealioDs  and  reseaiches: 

Snuithsonian  contribntloDS 751.82 

Uucellaneons  collections 4,085.95 

BeportH .■ 1,141.79 

Special  publications ^678.03 

Reaearches 3,444.17 

Appsratas 27.76 

Bodgkinsfnnd : 2,917.68 

Explorations teO.OO 

22,497.20 

Literary  and  scientific  exchanges i 4,580.% 

62,907.70 

Balance  Dneipended  Jnne  30,  1898 65,803.02 

Tbe  cash  received  from  the  sale  of  pablications,  fttim  repayments  for 
ft«igbta,  etc.,  is  to  be  credited  to  the  items  of  expenditure  a^  follows : 

Smithsonian  contiibutioos $106.36 

Hiscelianeons  collections 334.72 

Beporte 17.00 


'In  addition  to  tbe  abore  $22,309.44  paid  for  salaries  nnder  general  expenses, 
97,434.57  were  paid  for  services,  viz:  $1,970.88  cliarged  to  building  account,  $949.18 
to  Hodgkins  fund  account,  $1,766.76  to  library  account,  anil  $2,747.75  to  reaearehes 
oooonnt. 
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Hodgkinsfona Wei.59 

Exchanges 6,193.53 

IncideoUlB 3,015.02 

EzplorationH 7BO.0O 

Total 10,778.33 

The  net  expeoditnrea  of  the  iDstitatiou  for  the  year  ending  June  30, 
1898,  were  therefore  952,129.48,  or  (10,778.22  less  than  the  gross 
expenditnres,  $62,907.70,  as  above  stated. 

All  moneys  received  by  the  Smithsonian  Institution  ftttm  interest, 
sales,  refhnding  of  moneys  temporarily  advaoced,  or  otherwise,  are 
deposited  with  the  Treasarer  of  the  United  States  to  the  credit  of  the 
Secretary  of  the  Institution,  and  all  payments  are  made  by  his  checks 
on  the  Treasurer  of  the  United  States. 

Your  oommittee  also  presents  the  following  statements  in  regard  to 
sppropriatioDB  and  expenditures  tor  objects  intrusted  by  Congress  to 
the  care  of  the  Smithsonian  Institution: 

Delailtd  itatattatt  of  dMart«m«nt$  from  appropriatUmt  commilttd  by  Co^grtn  to  the  can 
o/  lb  SniUuonian  /nttfluMan  /or  tkt  JUoal  year  mding  June  SO,  1898,  aiid  from  bal- 
anoei  of  former  year*. 

INTEKKATIOHAL  EXCHANQES,  18U. 


Appropriated  by  CongreM  for  tDe  fiscal  year  ending  June  30,  1896,  "  for 
expeuMa  of  tbe  ByBtem  of  international  exchanges  between  the  United 
States  and  foreign  ooontries,  nnder  the  direotloo  of  the  Hmithsonian 
Institntion,  inclnding  saUriea  or  oompeniation  of  all  nooessary  em-         <. 
ployeee,"  (snodry  civil  act,  Jnne  4,  1897) tl9,O0O.OO 


IProm  J11I7  1.  18>1.  to  JnneSO.  19U.) 
Salariea  or  compensation : 

1  onrator,  12  months,  at  $225 «2, 700, 00 

Ichiefclerk,  12  months,  at  U75 2,100.00 

I  clerk,  12  moDthB,  at  S130 1,^0).  00 

I  clerk,  12inon(bB,  atSlOO 1,200.00 

I  clerk,  12  months,  at  $86 1,020.00 

Iclerk,6maothB,at$T5;  S  tiionlhs,  at  $80 930.00 

1  clerk,  8  months  and  3  days,  at  $70 566. 77 

1  olerk,2iaoiitba,  at$100 200.00 

1  copyist,  11  iuonthB,att45 4Wi.00 

1  stenographer,  6  months,  at  $60;  A  months,  at  f75 810.00 

I  packer,  101  montha,  at  $55 577.50 

1  oopyiat,  6  luontbs,  at  $35;  6  months,  at  $45 480.  DO 

1  mcflsenger,  10  months  and  9  days,  at  $35 K7.25 

1  mevenger,  one-half  month  and  2Tidaye,at$35 34.87 

Imeeaenger,  8  days,  at  {25  per  month 6.66 

1  warkman,313  days, at, $1.50 469.50 

llaborer,  313  days,  at  $1.50 469.50 

1  cleaner,  154  daja,  at  $1 154. 00 

1  carpenter,  201  days,  at  $3 88.60 
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Salftrios  or  i^ompansktion — Continued. 

1  carpenter,  2  ilsjB,  at  $3 *6.00 

1  painter,  4  dafs,  at  «2 8.00 

l»g6iit,12montha,»t«60 600.00 

1  agent,  13  mouths,  At  $91.66} 1,100.00 

Total  ealoriett  or  compenBatlon 15,833.65 

General  expenses : 

I'reight *2, 187.81 

Postage  and  telegraph 190.00 

Stationery  and  supplies 164.23 

Packing  boxes 633. 60 

Traveling  ezpeusea 20.45 

— —    3,126.29 

Total  disbarsementa »18,SS9.84 

Balance  .Inly  1, 189S,  to  meet  liabilities 40.16 


L  EXCHAHQES.  1B«7. 
Balance  July  1, 1897,  as  per  last  report «179.63 


Freight »147.19 

Postage  and  telegraph 1.01 

Stationery  and  supplies 30.35 

178.65 

Balaoce  July  1,1898 1,08 

INTERNATIONA  I.  EXCSAKOES.  IMS. 

llalaiice.luly  1,1897.  as  per  last  report »0.03 

Balance  carri<>d,  under  the  provlsione  of  the  Bevised  Statutes,  section  3090,  by  the 
Treasury  Deportment  tu  the  credit  of  the  surplus  fund  June  30, 1S98. 

AMERICAN  ETHNOLOGY,  1BS«. 


Appropriation  by  Congresa  for  the  fiscal  year  ending  June  30, 1896,  "for 
coiiliniiing  ethnologiral  researches  among  the  American  Indiane,  under 
tlie  direction  of  (he  SmithBonian  Institution,  inclading  aalorles  or  com- 
pensation of  all  necessary  employees,  945,000,  of  which  som  not  exceed- 
ing $1,000  may  he  used  for  rent  of  building"  (sundry  civil  act,  June  4, 

1897) $45,000.00 

The  actual  conduct  of  theee  investigation  a  has  been  continued  by  the 

Secretary  in  the  hands  of  M^.  J.  W.  Powell,  director  of  the  Bureau  of 

American  Ethnology. 


(Jaij  1.  iwi.  to  Jooe  30,  ime.) 
Salaries  or  oompensation ; 

1  director,  12  months,  at  $37& $4,600.00 

1  ethnologist  in  charge,  12  months,  at  $325 3,900.00 

1  ethnologist,  12  months,  at  $200 2, 4O0. 00 

1  ethnologist,  13  mouths,  at  $166.67 2, 000, 04 

1  ethnologist,  12  months,  nt$166.67 2,000.04 

1  ethnologist,  12  months,  at  $166.67 2,000.01 
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Bklarles  or  comp«UBktloii — Continued. 

1  ethnologiat,  11  monthB  and  10  days,  at  «150 *1,  TOO.  00 

1  ethnologist,  12  months,  at  $125 1,600.00 

1  ethnologist,  12  moDthfl,  kt  *125 1,600.00 

1  ethnologist,  12  months,  at  9126 1,EOO.OO 

1  illnstntor,  Sf  mouths  and  2  days,  at  1100 856. 45 

lciirtodian,8months,at»10CI 800.00 

1  clerk,  12  months,  at  $100 1,200.00 

lolerk,12montha,at«100 1,300.00 

1  clerk,  3  months,  At  $100 300.00 

1  clerh,  12  months,  at  V76 900.00 

1  clerk,  12  months,  at  $76 900.00 

1  copyist,  13  months,  at  $60 600.00 

1  mouth 60.00 

12  months,  at  $60 600.00 

1  skilled  laboTor,  101  months,  at  $60 630.00 

1  skilled  laborer,  12  months,  at  $1B 5*0.00 

1  laborer,  76  days,  at  $1.60;  60  days,  at  $2,  and  6  months,  at 

$50 533.50 

1  laborer,  141  days,  at  $1.50 311.50 

Total  salarieB  or  compensation 33,330.57 

General  expenses: 

Drawings  and  illnstratione $806.30 

Freight 123.16 

Postage,  tel^rame,  etc 86.75 

Publications 1,306.28 

Office  fnnutnTfl 400.90 

Kental 999.96 

Reports 175.30 

Speoial  serricea 1,536.09 

Speoimens 482.23 

Books 767.36 

Stationery 163.41 

Sopplles 1,126.23 

Tnveling  and  field  expenaee 2,750.71 

Hisoellaneons 233.55 


Total  disbursements $48,168.72 

Balance  Jnly  1, 1898,  to  meet  liabilities 1,831.38 

MOBTH  AMBBICA.N  BTHNOLOGY,  IWI. 
Balanoe  July  1,  1897,  as  per  last  report $218.04 

DISBCReBMKNTS. 
General  expenses : 

Books $5.00 

Freight 31.70 

FomitnTe 7.50 

Hisoellaneooa 3.26 

SpecimeDB 25.00 

Traveltug  expenses 140.00 

Total 212.46 

Balance  Jnly  1, 1898 5.58 


XXII  EEPOBT  OF  THE  EXECUTIVE   COMMITTEE, 

}IOBTH  AUBRICAM  BTflNOLOaY.  ISS*. 

Bklance  Jnly  1, 1897,  h  per  lost  nport $5S.  S3 

Baljuice  carried,  nndar  the  proTistoDs  of  B«TUed  Statntei,  Mction  3090,  by  th« 
Treaanry  Department  to  tli*  credit  of  tlie  Hnrplna  fund,  Jnue  30,  1898. 

KATIOMAL  UUSSnU.— FRBSEBTATION  OF  COLLBCTIOMS,  1«H. 


Appropriation  by  CongresH  for  the  flBosI  year  ending  Jnue  30,  I89S,  "  for 
coDtinoing  the  preaarvation,  exhibition,  and  iDorettse  of  the  collections 
from  the  Barveyiug  and  exploring  expeditions  of  the  Oovernmeut  and 
from  other  ■onTcea,  inolading  ularies  or  compensation  of  all  iieoeuary 
employees,  9160,000,  of  whioli  snm  $3,500  may  be  used  for  neceaaary 
drawings  and  illnstratione  for  pnblications  of  the  National  Moseaiu" 
(sundry  oiTJ]  act,  Jnne  4, 1897) $160,000.00 

EXPKNUlTURBe. 

Swrlcea $139,588. 68 

Special  aorriees 4,577.72 

Total  services «1M,166.«) 

HisreUaneons: 

Supplies $3,908.35 

Stationory 854.23 

Specimens 3,867.42 

Books 833.80 

Travel 2,421.46 

Freight 1,584.83 

Total  miacellaneoiis 13,470.09 

Total  eipenditnree 1157,636.49 

Balance  Jnly  1,  1898,  to  meet  oDtstanding  liabilitiea 2,363.51 

Anaii/tii  of  expntditure  far  saUirUt  vr  comptituatiiM, 

SClBNTiyiC   STAVF. 

1  ezeentWe  cnrator,  12  months,  at  $291.66 $3,499.92 

1  onrator,  6  months,  at(S60;  6  monibs,  at  $291.66 3,249.96 

loarator,  9  mouths,  at  $291.66 2,624.94 

1  curator,  12  months,  at  $200 2,400.00 

1  curator,  12  months,  at  $200 2,400.00 

1  onrator,  10  months,  at  $208. 33 2,083.30 

1  onrator,  2  months,  at  $167;  6  months,  at ^00 1,534.00 

1  cnrator,  12  months,  at  $175 2,100.00 

1  onrator,  26  days,  at  $150 125.81 

1  acting  cnrator,  5  moDtba,  at  $150 750.00 

1  aaaiatant  cnrator,  12  months,  at  $150 1,800.00 

1  assistant  curator,  12  months,  at  $150 1,800.00 

1  assistant  cnrator,  12  months,  at  $150 _ 1,800.00 

1  assistant  cnrator,  12  months,  at  $133.33 1,599.96 

1  aaaiatant  cnrator,  12  months,  at  $133.33 1, 599. 96 

1  aaaiatant  cnrator,  12  months, at  $130 1, 560. 00 

1  aaaiatant  cnrator,  12  months,  at  $125 I,50aOO 


GoQi^lc 


BEPORT  OF  THE   EXECOTIVB  COMMITTEE.  XXIII 

1  aaaiatsnt  cDratoT,  1  monthB  U  dayi^at  $135 $5S3.60 

t  (usaiBtant  onratot,  12  moQthH,  ftt  $166.66 1,399.93 

1  MMiaUnt  curator,  12  moutha,  at  $100 1,200.00 

1  Becoud  awlBtknt  curator,  12  months,  at  $80 960.00 

1  aid,  12  months,  at  (100 1,800.00 

1  aid,  12  moDtha,  at  $100 1, 200. 00 

laid,  12  months,  at  $80 960.00 

laid,  la  mouths,  at  $60 720,00 

laid,  13  montha,  Bt  $B0 .' 600.00 

1  aid,  6  wontha  15  days,  at  $60 324.19 

1  aid  one  half  month,  at  $50,  $25;   16  days,  at  $50,  $%.81;  2 

months  22  days,  at  $50,  $137.38;  15  days,  at  (50,  $34.19 212.38 

1  assistant,  43  days,  at  $60;  1  month,  at  $75 161.13 

Ml,  927. 97 


1  photographer,  12  months,  at  $156.39 1,899.96 

1  modeler,  10  months  U  days,  at  $100 1,060.00 

1  oatoologlst,  12  months,  at  $90 1,080.00 

Ipreparator,  12  months,  at  $80 960.00 

IprepaiatoT,  12  months,  at  $80 960.00 

Ipreparator,  10  months  30  days,  at  $80 881.29 

Ipreparator,  13  months,  at  $60 720.00 

Ipreparator,  10 months  30 days,  at  $60 658.06 

Ipreparator,  1  month,  at  $110;  9 months  32  days,  at  $50 612.20 

1  preparator,  9  months  26  days,  at  $60 594.00 

1  preparator,  12  mouths,  at  $45 540.00 

1  preparator,  10  months,  49)  days,  at  $45 521.86 

1  preparator,  49  days, at  $3.20,  $156.80;  13  days,  at $3. 20, (41.60.  198.40 

1  taxidermist,  13  mouths,  at  (90 1,080.00 

1  taxidermist,  9  months,  30  daya,  at  $100 1, 001. 61 

1  taxidermiat,  II  montlis,  14  days,  at  $60 690.00 

13,447.38 


1  chief  cleric,  12  months,  at  (208.33 2,500.00 

1  acting  chief  clerli,  12  months,  at  $150 1,800.  UO 

1  editor,  12  months,  at  $167 2,001.00 

1  chief  of  division,  12  months,  at  $200 3,400.00 

1  registrar,  12  montba,  at  $167 2,004.00 

1  disbnraing  cleric,  12  months,  at  $116. 67 1, 400. 04 

1  finance  clerk,  12  months,  at  (110 1, 320. 00 

1  assistant  librarian,  12  months,  at  (117 1,404.00 

1  property  clerk,  6  months,  at  9115 690.00 

1  acting  property  clerk,  6  months,  at  $40 240.00 

I  stenographer,  12  months,  at  $100 1,200.00 

latenogTapher,12months,at$50 600.00 

1  stenographer,  6  months  12  days,  at  $75 479.03 

1  stenographer,  2  montha  17  daya,  at  (GO 127.42 

1  stonographer,  20  days,  at  (50,  (33.33;  30  days,  at  (50,  $48.49; 

3  months  11  days,  at  (50,  (117.74 199,56 

1  stenographer,  1  month  20  days,  at  (50,  $83.33;  10^  days,  at 

(50,(17.50;  31  days,  at  $50, (50.54 151.37 

1  stenographer,  11  days,  at  (50 18.33 

1  stenographer,  6  montha,  at  $45 270,00 

1  stenographer,  6  months,  at  (45 270.00 
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1  typewriter,  6  montlie,  at  (50;  7  monthB,  at  $75 9775.00 

1  typOTitor,  12  montba,  at  $50 GOO.  00 

1  typewriter,  3  months  13  daya,  at  $50 170.97 

1  typenriter,  2  moothH,  at$SO,  «100;  18  days,  at  $50,  $29.03;  4 

dajB,  at  *60,  *6.45 135.48 

1  clerk,  12  months,  at  $83.31 1,000.08 

1  clerk,  12  months,  at  «60 720.00 

1  clerk,  12  montlM,  at  $90 1,080.00 

1  clerk,  11  months  28  days,  at  $5.') 656.33 

lolerk,  12  months,  at  $55 660.00 

1  clerk,  12  months,  at  (60 720. 00 

1  clerk,  IStDontbe,  at  $50 600.00 

1  clerk,  19  days,  at  $55 33.70 

1  olerk,  12  months,  at  $115 1, 380. 00 

Iderk,  12  months,  at  $70 840.00 

1  clerk,  12  months,  at  $55 660.00 

1  olerk,  12  months,  at  950 600.00 

•  1  olerk,  8  months  6  daya,  at  S50 410. 00 

1  olerk,  12  months,  at  $50 600.00 

1  olerk,  12  mouths,  at  $75 900.00 

1  olerk,  12  months,  at  $50 600.00 

1  clerk,  12  months,  at  $60 600.00 

1  clerk,  12  months,  at  $70 840.00 

lolerk,  edaya,  at$50,  $10;  7  mouths  30  days,  at  $50,  $400.81..  410.81 

1  olerk,  12  months,  at $116 1,380.00 

1  olerk,  6  months  17  daya,  at^ 327.42 

1  olerk  and  type wtit«r,  12  months,  at  $75 900.00 

1  olerk,  6  months,  at  9100 600.00 

1  clerk,  12  months,  at  $50 600.00 

1  clerk,  12  months,  at  $90 1,080.00 

1  olerk  and  prepara tor,  12  months,  at  $45 540,00 

1  copyist,  13  months,  at  $35 ..-^  420.00 

1  copyUt,  2  montha,  at  $45 90.00 

I  copyist,  12  months,  at  $30 360. 00 

1  copyist,  12 months,  at  $50 600.00 

I  copyist,  12  months,  at  $55 660.00 

I  copyist,  12montbM,  at  $50 600.00 

1  copyist,  1  month,  at  $40 40.00 

1  copyist,  2  months,  at  $30 60.00 

1  copyist,  12  months,  at  $40 480.00 

Icopyiat,  2months,  at$40,  $80;  5  months,  at  $40,  $2U0  280.00 

1  copyist,  12  months,  at  $35 420.00 

1  copyist,  12  months,  at  $35 420.00 

1  copyist,  12  months,  at  $35 420.00 

1  copyist,  12  months,  at  $50 600.00 

1  copyist,  12  months,  at  $30 360.00 

I  copyist,  2  months,  at  $30 60.00 


1  gfeneral  foreman,  12  months,  at  $116 1,380.00 

1  foreman,  12  months,  at  $50 600.00 

Ichief  of  natch,  12  months,  at  $65 780.00 

1  chief  of  natch,  12  months,  at  $65 780,00 

1  chief  of  watch,  12  months,  at  $66....                        780.00 

1  watchman,  12 months,  at  $60 .     ...  600.00 
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1  watohman,  11  montha  26  days,  at«40 $173.65 

1  watchman,  4  months  13  days,  at  V45 300.88 

1  watohman,  13  mouths,  at*50 600.00 

1  watohmaD,  13  monthB,  at  «50 600.00 

J  watohman,  ISmontha,  at  $90 600.00 

1  watchman,  12  months,  at  $65 780.00 

1  watohman,  11  months  and  27  days,  at  $45 635.50 

1  watchman,  12  months,  at  $16 640.00 

1  watchman,  10  months  31  days,  at  $46 196.21 

1  watchman,  IS  months,  at  $60 600.00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  13  months,  at^O 600.00 

1  watchman,  8  daja,  at  $16,  $13;  4  months,  at  $15,  $180 192.00 

1  watohman,  13  months,  at  $45 610.00 

1  watchman,  13  months,  at  $45 610.00 

1  watchman,  11  months  28  days,  at  $1B 685.65 

1  watchman,  12  months,  at  $15 640.00 

1  watchman,  II  months  27  days,  atM5 636.50 

1  watohman,  8  months  46  days,  at  $60 476.96 

1  watchman,  10  months  27  days,  at  $60 546.00 

1  watchman,  1  month,  at  $90 ;  II  months,  at  $30 380. 00 

1  watchman,  T  months  27  days,  at  $46 356.60 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  mouths,  at  $60 600.00 

1  watchman,  12  months,  at  $45 640.00 

1  acting  watchman,  12  months,  at  $45 540.00 

I  skilled  laborer,  31  days,  at  $60 61.74 

I  skilled  laborer,  12  months,  at  $60 600. 00 

I  skilled  laborer,  11  months  28 1  days,  at  $65 657.26 

1  skilled  laborer,  12  months,  at  $60 ; 600.00 

1  workman,  12  months,  at  $60 600.00 

1  workman,  288  days,  at  $1.50 432.00 

1  workman,  316  days,  at  $1.50 474.00 

1  workman,  334  days,  at  $1.50 501.00 

1  workman,  298  days,  at $1.50 447.00 

lUb«rBr,I01i  days,  at  $1.60 156.75 

1  Uborer.  248  days,  at  $1.50 372.00 

1  laborer,  27  days,  at  $1.50 40.50 

1  laborer,  313  days,  at  $1.50 469.50 

1  laborer,  7  days,  at  $1.50 10.60 

1  laborer,  78  days,  at  $1.60 117.00 

1  laborer,  6  months,  at  $30,  $180;  1  month,  at  $31.50;  2  months,  ' 

at$34.50,f69;  amontbB,Bt$33,C66;  1  month,  at  $46 391.60 

1  laborer,  12  months,  at  $40 180.00 

1  laborer,  129  days,  at  $1.50 193.50 

1  laboTct,  87  days,  at  $1.60 130.50 

llaboret,  313  days,  at  $1.50 469.50 

1  Uborer,  155  daya,  at  $1 155.00 

llaborer,  26days,  at$I 26.00 

I  laborer,  218  days,  at  $1.50 327.00 

llaborer,  208  days,  at  $1.50 812.00 

llaborer,  1  mouth  29  days,  at  $30 68.06 

1  laborer,  208  days,  at  $1.50 812.00 

1  laborer,  78  days,  at  $1.60 117.00 

llaborer,  1624  days,  at  $1.60 213.76 

llahorar,  Tdays,  at>l.50 10.50 
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1  laborer,  165  days,  »t  M-M 

1  laborer,  313  days,  at  »1.60 

1  Uborer,  1701  days,  at  «1.50 

1  laborer,  I  mouth,  at  MO 

1  laborer,  1  month,  at  NO 

1  laborer,  313  days,  at  (l.SO 

llaborer,  7 months,  at $30, 9210;  1  month,  atVSl.S 

1  laborer,  1  month,  al  «40;  386  d■y^  at  «1 

lUl)orw,63days,  at«1.60 

1  laborer,  3  months  24^  days,  at  $40 

llaborer,  26  daye,  atei.50 

1  laborer,  65  days,  at  (1.60 

1  laborer,  3  months,  at  WO 

llaborer,  139  days,  at  21.50 

1  laborer,  77  daya,  at  CI 

I  laborer,  8  days,  at|l 

1  laborer,  65  days,  at  $1.50 

llaborer,  1  month,  at  MO;  386  days,  at$l 

1  laborer,  32  daya,  at  $1.50 

1  laborer,  26  days,  at  $1 

1  laborer,  26  days,  at  $1.50 

1  laborer,  7  days,  at  $1.60,  $10.50;  26  daye,  at  $39.. 

1  laborer,  21  days,  at  $1.50 

1  laborer,  27  dajB,  at  $1.50 

1  laborer,  211  duye,  at  $1.50 

llaborer,  1  month,  at  $40;  286  days,  at$l 

1  laborer,  31  days,  at  $1.50 

1  laborer,  27  days,  at  $1.50 

llaborer,  12  months,  at  $40 

1  laborer,  162^  days,  at  $1.60 

llaborer,  314  days,  at  $1.50 

1  laborer,  93  days,  at  $1.50 .. 

1  laborer,  127  days,  at  $1.50 

1  laborer,  313  days,  at  $1.50 

llaborer,  ISidaye,  at  $1.50 

1  laborer,  165  days,  at  $1.50 

1  laborer,  66  days,  at  $1.60 

llaborer,  163  days,  at  $1.50 

1  laborer,  9  months  4  days,  at  $40 

1 'laborer,  161  days,  at  $1.50 

I  messenger,  6montbs,  at  $2&;6moDtbs,  at  $40  — 


inger,  12  r 


inths, 


1  Diassenger,  1  montli  IS  days,  at  $26 

1  messenger,  12  months,  at  $% 

1  messenger,  19  days,  at  $20;  11  days,  at  NO 

1  messenger,  10  months  10  days,  at  536 

1  messenger,  12  months,  at  $50 

1  messenger  and  copyist,  6  monthe  63  days,  at  $i 

at  WO 

1  attendant,  14  days,  at$l , 

1  attendant,  12  months,  at  $40 

1  cleaner,  381  days,  at  $1 

1  cleaner,  9  months!  days,  at  $30 

1  cleaner,  1  month,  at  $30 

1  cleaner,  1  month,  al$30 

1  cleaner,  1  montb,  at  $30 


469.60 
266.38 
40.00 
40.00 
469.50 
841.  SO 
326.00 


97.fl0 
120.00 
208.60 
77.00 
8.00 
97.50 
326.00 
48.00 
26.00 
39.00 
49.60 
31.60 
40.60 
316.50 
326.00 
46.50 
40.50 
480.00 
243.75 
471.00 
139.60 
190.60 


391.29 
14.00 
480.00 
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1  cleaner,!  montU, at 930 *30.00 

1  cleaner,  12  mouUiB,  at  430 360.00 

1  cleaner,  1  moutb,  st930 30.00 

1  cleaner,  5  days,  >t  «30 1.81 

1  cleaner,  1  month,  at  «30 30.00 

1  cleftner,  1  montli,  ftt$30 30.00 

1  cleaner,  6  months  19  dftfi,  at  $30 258.39 

»38,871.29 

Total  salarlee 138,611.18 

Deduct  diasalkwance  on  venclwr  No.  396 25.50 

Tot»l - 139,588.68 

PRBSKRTATIOM  QP  COLLECTIOMS.  1B>7. 

Bftlwioe  as  pet  report  July  1,  1897 W,»1.93 

SAloriea tS.K 

Special  serriceB 1,016.90 

»1,033.35 

Snppliea 609.80 

StotioDery 354.59 

Specimens 922.87 

Book* 371.68 

Travel 346.78 

lYeigbt 292.97 

2.798.S9 

Total  eipeuditares 3,831.91 

Balance  July  1,  189B,  to  meet  liabilities 379.99 

Analylie  of  ezpendUurM /or  Mlartes. 

Scientific  staff,  1  aid,  2  days,  at  9100 «6.15 

Total  itatemtHi  of  receipt*  and  erpendilurti  of  t\t  appropriation  for  pretertalion  of  ool- 
leetioH*.  1897. 

BICE1PT8. 

Appropriation  June  11, 1696 9153,225.00 

XXPENDITUKBS. 

Salaries  or  compenaation 9134,364.19 

Special  services 5,671.23 

Total  seTTioea 140,035.12 

Hiscellaneons : 

Snpplies 3,343.61 

Stationery 1,373.17 

SpecimenB 1,102.44 

Books 1,682.70 

TraTol 785.77 

Freight 1,521.87 

Total  expenditures 9152,845.01 

Balanoa  JtUy  1, 1898 STaSB 
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PHESERVATION  OF  CIJLLECTrONS,  1««. 

Balance  as  per  iMt  report,  Jul;  1, 1897 n.32 

Balance  carried,  under  the  provisionn  of  Bevised  Statiitea.  BocUon  3090,  by  the 
Treaaar;  DepartmeDt  to  the  credit  uf  the  sarplne  fnnd,  Juue  30,  1S98. 

FUESITUKB  AKD  FIXTOKES.  ISK. 


AppTopriatioD  by  Congress  fur  the  ttscal  year  onding  Jnne  30, 1S98,  "for 
caaea,  fntniture,  Hxtnres,  and  applisncea  required  for  the  ezbihition 
and  safe-keeping  of  the  collections  of  Clie  National  Muaenm,  including 
915,000  for  furniahiDg  new  galleries,  and  including  salaries  or  cotn- 
peuaatioDof  all  necessary  employees"  (sundry  civil  act,  June  4,  1897)..     $30,000.00 


(July  ].  1BB7.  Ui  Jim«3(l,  IBSa.) 

Salaries  or  compensation $8,835.71 

Special  or  contract  services 392. 61 

$9,248.32 

UtecellaneouB :  , 

EiLibition  cases 115.00 

Storage  caseii 162.50 

Drawers,  traj»,  huxM 521.85 

Frames,  stands,  and  miacellaueoua  woodwork 113. 40 

Glass GK.66 

Hardware  and  interior  fittings  for  coses 710. 33 

Tools 67.36 

Cloth,  cotton,  etc 74.49 

Glaaa  jars,  botUes,  etc 441.34 

Lumber 1,006.91 

J*aiats,  oils,  glne,  brnsbes 546.78 

Office  and  hall  fnrtiiture  and  fiirnisliinga 581.35 

Plumbing 12,92 

Leatbi>r  and  rubber 29.34 

Irou  brai'ketfl 195.69 

Travel 34.30 

ApparatiiH 21.96 

Brick,  plaster,  tiles 75.53 

5.336.71 

Furnishing  new  galleries: 

ISalariesur  I'ompensalion 1.800.75 

Special  or  contract  services 9.50 

1,?<10.25 

MiecellaneoQs : 

Exhibition  cases 5,507.90 

Storage  cascH 415.00 

Drawers,  trays,  boxes 207.36 

Designs  and  drawings  for  cases 293.00 

Frames,  stands,  and  misi-ellaneons  woodwork 387.62 

Glass «S9.W 

Hardware 442.90 

Cloth,  cotton,  etc 15.10 

Lnmber .520,04 

Office  and  ball  furniture  and  furnishings 8. 00 
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Iron  btKkete _ *3e.OO 

Apparktas 200.00 

PlMter 2.00 

$8,894.26 

ToUleipenditutx'ali)  Jaue30, 1898 «28,289.54 

Balance  Jnlj  1, 1898,  to  meet  outotaailiug  liabilities 1, 710. 16 

AKalgtii  of  expenditures /or  aatariet. 

1  BupeTTlaor  uf  cuDstructioD,  1  month  35  days,  at  $116 9253.00 

I  oopyiat,  6  muutba,  at  $40 210.00 

IcabiDetmaker,  286  days,  at  $2.25;  37  days,  at  $3 721.50 

1  CMO  finisher,  65J  days,  at  $2.25 118.K 

1  carpenter,  19  days,  at  $3 67.00 

1  carpenter,  77  days,  at  $3;  6  days,  at  $3 219.00 

1  oarpentsT,  72  days,  at  $3 216.00 

1  carpenter,  25  day  a,  at  $3 75. 00 

1  carpenter, 2U  days,  at  $3 65.25 

1  carpenter,  18^  days,  at  $3 55.50 

1  carpenter,  36  days,  at  $3 108.00 

1  carpenter,  215  days,  at  13 G15. 00 

Icarpenter,  6dayB,Bt$3i  80  days,  at  $3 258.00 

1  CBrpent«r,  16  daya,  at  $3 18.00 

1  carpenter, 61  days,  at  $3;  3  days,  at  93 201.00 

1  carpenter,  25  daya,  at  $3 75.00 

1  carpenter,  242  days,  at  $3 726,00 

I  carpenter,  41  daya,  at  $3 123.00 

1  carpenter,  211J  days,  at  $3 633.75 

1  carpenter,  3  dayn,  at  $3;  6  days, at  $3;  172  days,  at  $3 513.00 

1  carpenter,  314  days,  at  (3 912.00 

1  carpenter,  20  daya,  at  $a 60.00 

1  carpenter,  48  daya,  at  $3 U4.00 

1  carpenter,  31  daya,  at  83 10,60 

1  carpenter,  22  daya,  at  $3 66.00 

1  carpenter,  21  daya,  at  $3 72.00 

1  carpenter,  38  days,  at  93 111.00 

1  carpenter,  236  daya,  at  93 - 708.00 

1  carpenter,  151  days,  at  $3 ;  6  days,  at  »3 471. 00 

1  carpenter,  128  days,  at  93;  1  daya,  at  $3 396.00 

1  carpenter,  15  daya,  at  $3 15.00 

1  carpenter,  157idnyB,  at  $3 1T3. 25 

1  skilled  laborer,  3081  daya,  at  $2 617.50 

1  skilled  laborer,  77  daya,  at  $2 151.00 

1  skilled  laborer,  76i  days,.at  92 153. 00 

1  skilled  laborer,  2GJ  days,  at  92 63.00 

lekilledlaborer,  23day8,  at(2 16.00 

1  skilled  laborer,  7i>!  days,  at  92 159.00 

I  skilled  laborer,  12  daya,  at  92 21.00 

1  akillod  laborer,  12  months,  at  960 720.00 

1  skilled  laborer,  79tday8,  at92 159.00 

1  skilled  laborer,  1  months  19  days, at $50 231.67 

1  skilled  laborer,  22  daya,  at  $2 41.00 

1  skilled  labornr,  25J  daya,  at  92 51.00 

1  skilled  laborer,  173 J  days,  at  $2 347.00 

1  skilled  laborer,  791  daya,  at  $2 159.00 
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IsVilledlaborer,  Ki5dajB,  at*2 $510.00 

1  skilled  laborer,  26^  days,  at«2 53.00 

1  painter,  9  monthB  24  daya,  at  »66 636.79 

1  workman,  322  day i,  at»l-BO *83,00 

1  laborer,  53  days,  at  $1.50 79.  BO 

1  laborer,  1  montb,  at«30 30.00 

1  laborer,  I  month,  at  $30 30.00 

Total  aalariea 13,656.46 

njKMXDRE  AND  FIXTURES,  IWT. 


Balance  as  per  report  Jul;  1,  1897 $1,801.07 


Special  serrices $4.75 

Total  salaries $1.75 

MtBcellaneoua: 

Drawers $267.00 

Frames 12.60 

OlaM 509.10 

Hardware 188.82 

Tools 55,40 

Clotb 189.06 

Olasa  jars 34.85 

Lnmber 368.85 

P&tntsaDd  oils 42.75 

Office  fnrnitnre 30.76 

Rubber 33,76 

Plombing 75.18 

1,788.02 

Total  expenditures 1,792,77 

Balance  jQly  1,  1S98 8.30 

FtTRNlTUBB  AMD  FIXTORES.  ISST. 

Total  itaUmtnl  of  appropriation  for  IS97. 

RECEIPTS. 

Appropriation  by  Congress $15,000.00 

EXrBNIHTURKS. 

Salaries  or  compensation $8,062.43 

8p«cial  services 252.40 

Total  salaries *8,314.83 

MEncellaneons: 

Case« 1,W.50 

Draners 553.9.3 

Frames 49.30 

Glass 1,122.84 

Hardware 1,143.81 

Tools 138.  W 

Clotb 255.50 
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H  i  *c  el  laneo  db— Con  tin  ned . 

GlftHBJare W60.37 

Lnmbor 1,206.  *4 

Painta  aod  oile 412.48 

Office  fornitare 6S7.37 

Rubber 68.40 

Plambing 136.18 

Iron  brftcket* , 146.81 

Briuk,  atone,  ete 4.00 

t$,9l9.ffT 

Total  eipsnditnm tl4,991.70 

Bfclanoe  July  1,  1898 &30 

FOBSITDRE  ASV  FIXTCRSS,  IBM. 

Balanre  July  1, 189T,u  per  last  aonnal  report t0.20 

Italance  carried,  nnder  the  proviaiODS  of  ReTiaed  Statntea,  section  30B0,  bj  the 
Treaanry  Department  to  tfav  credit  of  tlie  ■orploa  fund,  Jn&e  30, 1698. 

I,  LIOHTIMG,  ETC..  UM. 


Appropriation  by  Congreaa  for  the  flaoal  year  ending  Jnne  SO,  1898,  "for 
ezpenee  of  beating,  lighting,  electrical,  telagraphio,  and  telephonic 
aervioe  for  the  National  Mnaenm"  (anadir  cItU  act,  Jnne  4,  1897) 914,000.00 


Salnriea $6,.'i42.04 

Special  aervlcea 166.17 

ToUlM-rvicea .■ «,  707.21 

MiacellaneoDB: 

Coal  and  wood 3,318.45 

Ota 1.180.10 

TelepfaoDoa 611.50 

RenUlof  call  boxea 100.00 

Electrical  BQppliea 413.23 

Telegrams 19.51 

Heating  anppliM 833.13 

Total  miaoeUaneona 6,475.92 

Total  expenditnrea 13,183.13 

Italance  Jaly  1, 1898  (to  meet  ontatandlng  liabilities) 816. 87 

Analgtit  nf  exptndUttrtt  for  talariu. 

lengineer,  13  montha.  at  $116 $1,380.00 

I  atenograpbet  and  typewriter,  14  days,  at  (75 33.87 

I  telephoneoporator,  6montbe,  at$45;  S  months,  27  days,  at  950 5^.00 

Imochiniat,  10days,at«3 30.00 

1  pipe  fitter,  6  days,  at*3 18.00 

1  skilled  laborer,  12  months,  at  $7& !H>0.00 

1  akllled  laborer,  12  montiiB,  at  960 720.00 

1  akilled  laborer,  1  day, at « 2.00 

1  skilled  laborer,  I  day,  at»2 2.00 

1  skilled  laborer.  12  montha,  at  955 660.00 
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1  fitemftn,  12moDtliB,  »t^50 $600.00 

1  ficemftD,  7  monUia  38  d»ya,  at  950 SOS.  67 

I  flmnfui,  ISmoDtha,  at  960 600.00 

t  acting  QremaD,  1  month,  at  915 i5.00 

I  laborer,  313  days,  at»1.50 469.50 

1  laborar,  27  days,  at  (1.50 40.60 

1  laborat,  26  days,  at  91.50 38.00 

1  laborer,  27  days,  at  91.60 W.60 

Total  salarleB -  6,6i3.0i 

HKATING.  LIGHTING,  KTC,  18»T. 


Balance  08  per  report  .laly  J,  1897 $742.11 

Oenerul  expeiuea : 

Gaa 970.30 

'    Telephones 189.87 

Electrical  an  pplies 79.37 

Kenlal  of  call-boxes 10.00 

Heating  Bappllea 383.94 

Telegrams 5.79 

Total  eipenditara 739.27 

Balanoe  Jaly  1,  1898 2,84 

Total  tlalemtnl  of  appropriation  for  heatiitg  and  lighting  Muteiiin,  1897. 


Appropriation  by  CongreHs,  Jnne  11,  1896 913,000.00 

KXPBNDITURBS. 

fialarlesor  oompenaatioa 96,269.05 

Special  Borvices 21.75 

Total  sorvioes ...96,290.80 

Qeneral  expenses : 

Coal  and  wood 3,676.83 

Gas 1,037.20    . 

Telephonea 689.41 

Electrioal  Bnppliea 605.98 

Rental  of  caU-l)oxes 120.00 

Heating  supplies 665.81 

Tolegrams 11.14 

Tolal 6,706.36 

Total  expenditure 12,997,16 

Balance  July  1,1898 2.8* 

HEATING.  LIGHTING,  ETC..  lliM. 

Balance  .Inly  1, 1897,  aa  per  last  annual  report 90,42 

Bnlnnci^  carried,  under  the  ptoTiaiuna  of  ReTlsod  Statntes,  section  3090,  l>y  th« 
Treasury  Department  to  tha  credit  of  the  surplus  fund,  Jane  30, 1S98. 
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NATIONAL  HdSBOH-PUSTAQB,  IUBS. 

KKCBIPTB. 

Appropriation  by  CongrusB  for  tho  Bacol  yea,r  ending  Jnne  30, 1898,  "for 
poatage  stanipa  and  foreign  postal  cards  for  tlie  National  Hneeum  "  (sun- 
dry oItU  act,  Jnne*,  1897) $600.00 

EXPRMDITUKKS. 

For  postage  stamps  and  cards SCO.  00 

NATIONAL  HITSKOM-PRTNTINO  AND  filNDINQ,  IStS. 
RBOBIPTS. 

Appropriation  by  Congroas  for  tho  Smithsonian  Institntion  "  for  printing 
lalMli  and  blanliB  for  the  'bulletins'  and  aunnal  volaniM  of  the  'pro- 
oeediugB'  of  the  National  Mueenm,  the  edition*  of  which  shall  be  not 
less  than  3, 000  copiea,  and  binding  ecientifio  books  and  pamphlets  pre- 
sented to  and  acquired  by  the  Natioual  Museum  library  "  (sundry  civil 
act,  Jnne  4, 1897) »12, 000.00 

KXPENDtTURBS. 

Bnlletina,  National  Hnaenm ¥3,861.98 

Proceedings,  National  Museam 6,913.16 

Labels 244.81 

Letter-heads,  pads,  and  envelopes 44. 60 

Blanks 60.44 

Binding ;.  527.00 

Congreiaional  Record ' 24.00 

Record  books 311.20 

ToUl  eipenditures 11,977.21 

Balance  July  1,-1898 22.79 

NATIONAL  UUSBUM— KENT  OF  WORKSHOPS.  ISM. 

RICBtPTS. 

Appropriation  by  Congtass  for  the  fiscal  year  ending  Jnne  30, 1898,  "  for 
rent  of  workshops  for  the  NatioDal  Museum" $2,000.00 


For  rent  of  workBbops  (431  Ninth  street  SW) 1,999.92 

Balance  Jalyl,  1898 .08 

NATIONAL  HU3BDU— RENT  OF  WORKSHOPS,  1801. 

Balance  July  I,  1897,  as  per  last  annual  report tO.06 

Balance  July  1,  1898 08 

NATIONAL  MUSEUM— BL'ILDINO  REPAIRS,  1BS8. 
RECEIPTS. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1S9S,  "for 
repairs  to  bulldiugB,  shops,  and  sheds.  National  Hnsenm,  incindlng  all 

y  labor  and  material"  (sundry  oiril  act,  Juno  4, 1897) $4,000.00 

BM  98 III 
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Hisoell  aneoaa — Conti  Dned . 

Lime,  sand,  gravel .......  (31. 5B 

Whitelead 27.23 

Rope S.34 

Iron  grill 8.90 

Door 8.00 

$718.06 

Total  expeadittus (3,999.42 

B»lu)ce  July  1, 1898 .58 

VA.TIOSAL  MUSEUU— BITILDIim  REPAIRS,  UM. 

Balance  July  1,  1897,  M  per  last  annnal  report $1.38 

Halanoe  carried,  andec  the  pruTteionB  of  Revised  Statntea,  section  3090,  by  the 
Treasorr  Department  to  the  credit  of  the  ■nrplue  (hnd,  Jnne  30,  ltt98. 
NATIONAL  U1TSE0H-OALLEBIE8,  UM. 
RECEIPTS. 

Approptlation  hf  CoDgieM  for  the  fiaoal  fear  ending  June  30,  1898,  "  for 
thecontinaationof  the  conetraction  of  galleries  in  the  National  Mnsenm 
bnilding,  said  galleries  t«  be  conetmoted  under  the  direction  of  the 
snperinteodent  of  the  Congreoalonal  Librar;,  In  acooidauce  with  the 
approval  of  the  Secretary  of  the  Sraitlisonlan  lustltation  (Biindry  civil 
act  Jiiue  4, 1897) $8,000.00 

■XFEHMTURBe, 

Sulariee: 

1  inspector,  901  days,  at  »3 $271.60 

llaboier,  6  days,  at  $1.50 9.00 

Special  servioea 471.03 

*7B1.53 

Hiacellaneous : 

Drawings  and  blueprints 58.65 

Arches  and  pavements 4,979.60 

Iron  columns  and  steel  beams 1,410.00 

Iron  columns  and  steel  beamii,  erection 75.00 

Lumber 7. 10 

Advertising 21.75 

Hardware 6.60 

Brick,  lime,  sand,  eto 138.00 

6,896.60 

Total 7,448.13 

Balance  July  1, 1898,  to  meet  oatetaoding  liabilities 661.87 

OALLEBIBS,  INI. 


ItalanceasperreportJttly  1,1897 $4,024.35 

EXPBNDlTURBe. 
MiscellaneoDS : 

Drawings  and  blue  prints $12.00 

Advertising 17.60 

Steel  and  iron  stnirways 1,780.00 

Cement  archee  and  pavement 2, 214.80 


Total  expenditnres- .  - 
leJnly  1,1898.. 
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Tatal  ital«mmt  of  appn>pri«tio»  for  ^luntn  gaUeriet,  1S97, 


AppTopriatiOD  by  CoDgreu,  June  11, 1S96 •8,000.00 


Salaries *246.35 

Special  MTvicM * 272.78 

Total  Mrrioee KIS-OS 

HiaoellaDeoDe: 

Steel  beams  and  ironoolnmiM 93,200.00 

Orawingeaod  blue  pnnta 153. 9S 

Brick,  aaud,  cement,  aod  )[ravel '. M.Oe 

AdTertiaing  proposals 78.13 

Steel  and  iron  stalrwaf  a 1,780.00 

Cement  arches 1,287.30 

TemuKO  floors 9*7.60 

7,480.92 

Total  expenditures 97.999.9 

Balance  July  1,1808 .0 

HAXIONAL  MnsElIM-BClLmNO  SBED8,  KTCieW. 


Appropriation  by  Congress  for  the  fiscal  year  ending  Jnue  30, 1888,  "  for 
removal  of  the  eliedi  ttara  their  present  location  sonth  of  and  adjacent 
to  the  Smithsonian  building  and  rebnllding  them,  iuolnding  all  neces- 
sary labor  and  luateHal"  (snndry  civil  act,  June  4,  1897) 92,500.00 

KXI'RNDITDKBe. 

Inspector  of  work,  42^  days,  at  93 $127.60 

Carpenters,  249  days,  at  93 747.00" 

ripe-fltteni,20darB,at9S 60  00 

Tinner,  12  days,  93 36.00 

Skilled  laborers, 23  daya,  at  92.50 81.88 

Skilled  laborers, 6 days,  at  92 12.00 

Laborers. 2801  days, at  (1.50 390.38 

91,464.76 

Special  servi  CBS 131.20 

1,685.96 
Mlsoellaneons: 

Lumber 9342.27 

Hardware 178.32 

Hrick.elo 222.85 

Frames 141.70 

885, 14 

Total  expend  I  tores 92,471,  in 

Balanre  July  i,  1SB8 28.90 

AHTKoniVHICAL  (HWERVATOKY,  SMITUSONIAN'  IN.STITniON,  1B98. 
URCBIPTS. 
Appropriation  by  Congress  "  for  maintenaiico  of  astrophysical  observa- 
tory ander  tbedirnution  of  tbu  Smithsonian  Instilntiou,  including  sala- 
ries of  asaiBtant«,  apparutus,  and  ruiHcellaneons  expenHes"  (sundry 
civil  act,  June 4,  1897) (10,000.00 


REPOBT  OF  THE  EXECUTIVE  COMMITTEE.      SXXVH 

DISBOBeEKKItTB. 
iFcno  Jul;  1,  U»7,  tv  Jdne  M,  late.) 

SalarioB  or  oompensatlOD : 

I  aid,  S  months,  at  9133.34,  and  6  moDthe,  at  Ciee.CT «l,800.0g 

t  junior  aasiBtant,  12  month*,  at  (100 1,200.00 

IjnnioraaBistaDt,  1  month,  at  $100 100.00 

1  clerk,  1  month,  at  WOO 100.00 

1  Jnnior  aealstant,  3  dayi,  &tt75permoiitIi 7. 2C 

1  InetmmeDt  maker,  5}  rannthB  and  7^  daye,  at  $76,  and  2 

moutbB,  at  «80 591.25 

1  BMnographer,  1 2  mooths,  at  t60 720.00 

1  copyiBt,  60  daj'B,  at  $26  per  month 49.17 

IfiremBD,  3  months  and  46  da jb,  at  MS 304.11 

1  oarpentar,  441  dajB,  at«3 133.50 

1  carpenter,  3  days,  at  $3 9,00 

1  carpenter,  46  days,  at  93 138.00 

1  carpenter,  4  dajB,  at  93 13.00 

1  painter,  !l  dajB,  at  92,  and  3  dayB,  at  $3 27.00 

1  painter,  9  days,  at  92 18.00 

1  skilled  laborer,  1^  dayB,  at  95G  per  month 2.75 

1  skilled  laborer,  2  days,  at  $2 4.00 

Total  BalarioB  or  oompsnaatlon 6,116.13 

Qeneral  expeDBea : 

Apparatna 91.284.49 

BookB 179.81 

Freight 37.32 

Fuel 114.98 

niMtrations 56.26 

Lumber 71.09 

Stationery 3.73 

SnpplieB 428.30 

MisoellaneanB.... 6.16 

2,183.10 

Total  dtahnrsemBnlB 97,298.^ 

Balance  July  1,  1898,  to  meat  liabiUtiee %701.78 

ASTBOPHTSICAI.  OBSBRTATOET,  1M7. 
Balance  Joly  1,  1897,  iw  per  last  report 92,426.44 

iNtftHrMMMte  Jvtjr  1,  1897,  toJmu  SO,  iS98. 
Graerol  ezpeiiBea : 

Apparatus $2,250.08 

BookB 36.68 

Freight 7.15 

Lnmber 52.40 

Snppllea,  eto 57.71 

$2,403.02 

Balance  July  1,  1898,  to  meet  liabilities 23.42 

ASTROPHrSICAI.  OBSERTATORY,  int. 
Balaaee  Jnly  1,  1H97,  aa  per  last  report 


Goot^tc 


XXXTIII  REPOBT  OP  THE  BXBCDnVE  COHUITTEB. 

IHiburstmenU  Julg  I,  1S97,  lo  June.VI,  1898. 
General  eipenaes: 

Books -*. $48.96 

BalsDce 7.51 

Balance  carried,  under  the  proviaionB  of  Bevised  Statates,  section  3090,  by  th» 
Treasury  Department  to  the  ctwlit  of  the  surplus  fond,  June  30,  1888. 

KATIOKAL  ZOOLOGICAL  PARK.  IRW. 
Appropriation  by  Congreas  "for  coDtinuiug  the  conatractiOD  of  roads, 
walks,  bridgM,  water  anpply,  sewerage,  and  drainage;  and  for  grad- 
ing, planting,  and  otberwiae  improving  the  groonds;  erecting  and 
repairing  boUdings  and  Incloenres;  care,  subsistencej  pnrchaae,  and 
transportation  of  animals,  including  salaries  or  compenaation  of  all 
necessary  eraployeea  and  general  incidental  expenses  not  otherwise 
provided  for,  fifty-five  thousand  dollars;  one-half  of  which  BDin  shall 
be  paid  from  the  revenues  of  the  District  of  Colnmbia  and  the  other 
half  tTom  the  Treasnry  of  the  United  States;  and  of  the  anm  hereby 
appropriated  five  thonsMid  dollars  shall  be  oaed  for  oontinning  the 
entrance  into  Zoological  Park  from  Woodley  lane  and  opening  drive- 
way into  Zoological  Park,  from  said  entrance  along  the  bank  of  Rock 

Creek"(anndryolvilact,  JnnB4,  1897) •66,000.00 

DitbuTimneiib  Julg  1, 1897,  to  Jwa  SO,  1S9S. 
Salaries  or  compensation : 

iBoperintendent,  12  months,  at  «22G •2,700.00 

1  property  dork,  13  months,  at  •13Q 1,500.00 

1  clerk,  12  months,  at  ^75 900.00 

1  stenographer,  12  months,  at  $62.60 750.00 

1  copyist,  13  months,  at  $50 600.00 

1  head  keeper,  12  months,  at  $100 1,200.00 

1  keeper,  12  months,  at  $60 720.00 

1  keeper,  12  months,  at  $60 720.00 

1  keeper,  12  months,  at  $60 720.00 

1  keeper,  12  months,  at  $60 720.00 

1  keeper,  12  months,  at  $60 720.00 

Ikeeperof  aqDariimi,2  montha  13  days,  at  $75 182.50 

1  watchman,  9  months  22  days,  at  $60 584.00 

1  watchman,  10  months  19}  days,  at  $50 531.45 

1  watchman,  12  montha,  at  >60 600.00 

1  watchman,  12  months,  at  $50 600.00 

I  landscape  gardener,  12  months,  at  $75 900.00 

1  assistant  foreman,  12  months,  at  $60 720.00 

1  blacksmith,  12  montha,  at  $75 900.00 

1  asaisUnt  blacksmith,  12  months,  at  $60 720.00 

1  carpenter,  10  months  15  days,  at  $75 787.50 

1  workman,  12  months,  at  $60 720.00 

1  workman,  12  months,  at  *50 600.00 

1  workman,  11  months  6  days,  at  $50 560.00 

1  laborer,  12  months,  at  $50 600.00 

1  laborer,  12  months,  at  $50 600.00 

1  laborer,  10  months  8  days,  at  $60 512.90 

1  laborer,  12  months,  at  $50 600.00 

1  laborer,  12  months,  at  $45 540.00 

llaboier,  12  months, at  $20 240.00 

Total  aalatiea  or  compensation 22,748.36 


:;(x-)gie 


REPOET  OF  THE  EXECUTIVE  COMMITl'EE.  XXXIX 

MiBcellaneoRB: 

BaUdlnga «,461.78 

Balldiag  matwlaln 665.68 

Fencing  md  cage  materiftlB 522.96 

Food i,  7*1.68 

Freight  uid  tnuisporUtion 933.70 

Fuel 531.56 

Lnmlier 2,0t0.50 

Hscbinery,  tools,  etc 447.00 

Miaoellaoeotu 723.45 

PainU,  oils,  gloM,  etc 199. 3S 

Postage,  telegraph,  and  telephoneB 186.43 

PnTchaaeof  animals 1,643.00 

Road  material,  grading,  and  bridgee 2,819.98 

Burveylng,  plans,  etc 300.00 

Stationery,  books,  etc 177.37 

Traveling  expeuaee 274.39 

Tnes,  planU,  etc 773.68 

Wat«r  supply,  sewerage,  etc 260.87 

Total  misceUaneooe 18,873.37 

Wages  of  meehanica  and  laboreta  and  hire  of  teams  in  oou- 

stmcting  bnildings  and  inolosnres,  laying  water  pipes,  bnild- 

ing  roods, gntters,  and  walks, planting  trees,and  otherwise 

improving  the  gronnds: 

11aborer,233tda;s,at«2 467.00 

llaborOT,365d»yB,at(a 730.00 

1  laborer,  321J  days,  at  «.60 483.64 

1  laborer, 2S3i  days. at  «1.B0 425.24 

1  laborer,  60t  days,  at  «1.60 75.75 

1  laborer,  48*  days,  at  tLBO 73.76 

1  laborer,  254t  days,  at  »1.60 383.13 

lUborer,  19days,at(1.60 28.50 

1  laborer,  79  days,  atfl.SO 118.50 

llaborer,  Be^days,  at«1.50 141.76 

llaborer,  1711  days,  at  »1.50 257.26 

1  laborer,  187i  days,  at  »1.6fl 281.25 

1  laborer,  76  days,  at  $130 114.00 

1  laborer,  102  days,  at  «.B0 ,...  153.01 

IJaborer,  Sdays,  at  11.50 12.00 

llaborer,  SOdays,  at»l.BO 45.00 

1  laborer,  481  days,  at  $1.50 72.75 

1  laborer,  244i  days,  at  »!.50 366.38 

1  laborer,  51  days,  at  ll-W 76.50 

I  laborer,  BOi  days,  at  $1.50 198.36 

1  laborer,  256  days,  at  $1.50 384.00 

I  laborer,  91  days,  at  $1.50 14.25 

1  labotw,  !7ai  days,  at  $1.60 269.13 

llaborer.92J  days,  at  $1.60 138.74 

1  laborer,  2771  days,  at  $1.50 416.27 

1  laborer,  69  days,  at  $1.60 88.60 

1  laborer,  327i  days,  at  $1.50 490.87 

1  laborer,  651  days,  at  $l;50 97.87 

1  laborer,  771  days,  at  $1.60 '1626 

( 1911  days,  at  $1.50 287. -'5 

1  laborer    j  isdajs,  at(1.25 ^^''CoOqIc 


I  laborer 
1  laborer 


XL  BEPOBT  OF  THE   EXECUTIVE  COMMITTBB. 

Vfhgna  of  mecbauice  and  laborers,  etc. — Continned. 

)  12  days,  at*1.60 »18.00 

(Mdaya,  atn.26 67.54 

J  Mi  dajH,  ftt  S1.60 142.13 

U3d»jB,  at  $2 36.00 

)  611  days,  at  $1.60 92.63 

1  laborer     )  sij  days,  at  »1.25 44.37 

Uldays,  aHI.50 61.51 

Haborer    )  i52J  daye,  at  »1.75 266.43 

I  laborer,  51  daya,  at  «1.25 6.56 

]  laborer,  SOI  daya,  Bt*1.2B 62.80 

llaborer,  7^  days,  at<l.Z6 9.37 

1  laborer,  221day8,  at*1.25 27.81 

1  laborer,  13i  days,  at  31.35 15.62 

Haborer,  45(  days,  at  W.26 57.19 

1  laborer,  4W  days,  at  $1.25 54.68 

llahofw,7i days,  at  $1.25 fl.37 

1  laborer,  12  dajB,  at  $1.25 15.00 

]  laborer,  7i  days,  at  $1.25 9.37 

1  laborer,  91  days,  at  $1.25 11.88 

Haborer,  It  daye,  at  $1.25 2.19 

1  laborer,  25i  days,  at  $1.2i 31. 56 

1  laborer,  12i  days,  at  $1.26 15.62 

1  laborer,  181  days,  at  $1.25 23.13 

1  laborer,  361  daya,  at  $1.25 45.93 

Haborer,  131  days,  at  *1.25 17.18 

1  laborer,  49i  days,  at  $1.% 61.56 

llaborer,^  days,  at  $1.25 44.06 

1  laborer,  4U  days,  »t$1.25 51.88 

Haborer, 59)  days, at  $1.25 74.37 

Haborer,  14}  day8,at$l.^ 18.12 

1  laborer,  53  days,  at  $1.» 66.25 

1  laborer,  61  days,  at  $1.25 "   8.12 

Haborer,  201  days,  at  $1.25 »-93 

Haborer,  121  days,  at  $1.25 15.62 

Haborer,  126J  days,  at  $1.26 156.55 

llaborer,93  days,  at  $1.25 ■  116.25 

Haborer,  101  days,  at  $1.25 *. 18.12 

lUborer,lU  days,  at  $1.26 14.06 

Haborer,  71  days,  at  $1.K 9.37 

Haborer,  101  days,  at  $1.25 13.44 

Haborer,  61  days,  at  11.25 7.19 

1  laborer,  11  days,  at  $1.25 1.88 

(laborer.  Hi  days,  at  $1.25 14.06 

f  etonebreaker,  6  yards,  at  60  cents 3.00 

<  laborer,  131  days, at  $1.25 16-56 

1  ?  atonebreaker,  6  yards,  at  50  cents 3.00 

(  stonebreaker,  96i  yards,  at  60  cents 57.10 

Haborer,  1691  days,  at  $1   169.75 

Haborer,  3  days,  at  $1 3.00 

Haborer,  231  days,  at  76  cents 17.81 

IworkmaD,  365  days,  at  $1.75 638. 7S 

Ibricklayer,  Iday,  at$4 4.00 

1  bricklayer,  2  days,  at  $4 8.00 

1  bricklayer,  51  days,  at  $4 21.00 


:q,t7,:rb;G00l^lc 


1  Btonebreaker '. 


BEPORT  OP  THE  ESEOUTIVE  COMMITTEE.  XLI 

Wkgcs  of  mechanics  and  laboren,  etc. — Contloued. 

1' oftTpentor,  31  daya,  at  «3 »102.00 

(carpeDt«r,30da7s,  at$2.50 75.00 

{  laborer,  13 dajs, at  $1.60 19.60 

1  water  boy,  61  d»y»,  at  50  cento 30. » 

^      ,        ( 128i  days,  at  BO  cents «.TO 

*""**"^yh87daya,at75oento IW.25 

1  wat«r  boy,  1  day,  at  60  eenta .50 

1  waterboy,  12idayi,at60ceDt8 6.12 

1  water  boy,  16  days,  at  75  oentfl 11.25 

1  atouebieaker,  7  yaida,  at  60  oento 4.20 

1  Btonebreaker,  8  yards,  at  60  canto 4. 80 

1  atonebreaker,  7|  yards,at  60oeuta 4.50 

1  stonebreaker,  19  yards,  at  60  cents 11.40 

1  stonebreaker,  19  yards,  at  60  cents 11.40 

1  Btonebreaker,  17  yatda,  at  60  centa 10.20 

4  yards,  at  60  cento 1.50 

"  Ui  yards,  at  60  cents 2.17 

1  weeder,  76  days,  at  60  cenU 38.00 

1  wagon  and  team,  21  days,  at  93.50 73.60 

(wagon  and  team,  54}  days,  at  SS.50 189. 8T 

wai{on  and  team,  37}  days,  at  $3 112.60 

borse  and  c»rt,23t  days,  at  $1.76 41.12 

hor»  and  cart,  6^  days,  at  $1.50 103.12 

1  wagon  and  team,  lOi  days,  at  $3.50 36. 76 

1  wagon  and  team,  i  day,  at  $3.60 1.75 

1  wagon  and  team,  13}  days,  at$3.60 47.25 

1  wagon  and  team,  15}  days,  at  $3.60 64.25 

1  wagon  and  team,  17}  days,  at  $3 53.25 

1  wagon  and  team,  9  days,  at  $3 27.00 

1  borae  and  cart,  1  day,  at  $1.75 1.76 

1  horse  and  cart,  21  days,  at  $1.75 36.75 

1  horse  and  oart, 8}  days,  at  $1.75 11.38 

lhor.eandcanJi^''-y"-V*J:'' ""-^ 

1 2  days,  at  $1.50 3.00 

.}12daya,at$1.76 21.00 

(21  days,  at  $1.50 3.75 

1  horse  and  cart,  7  days,  at  $1.75 12.26 

1  horse  and  cart,  3  days,  at  $1.75 3.50 

1  h            ^    „^tll5i  days, at  $1.75 201.69 

1  horse  and  cart  J  ^-Jt^^^^^^^^j^ ^^ 

1  horse  and  cart,  m  days,  at  $1.75 20.66 

1  borae  and  cart, 431  days,at  $1.75 7«.56 

1  ho»e  and  cart,  171  days,  at  »1.TO 31M 

1  horae  and  cart,  2}  days,  at  $1.75 4.37 

1  horse  and  oart,5i  days,  at  $1.75 9.62 

1  howeandcart,2idaye,at$1.75 4.37 

1  horae  and  cart,  2  days,  at  $1.75 3.50 

1  hotBe,92i  days,  at  60  cento 46.13 

1  draftsman,  82  days,  at  $2 164.00 

Total  wages, mechanics,  etc 11,626.04 

Total  disbnrsemento 53,247.66 

eJnly  1,1898,  to  meet  liabilities •  -  1,752.8 


J  horae  and  cart  J 


„,  -  1,752.84 
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XLII  EEPOET   OF   THE   EXECUTIVE   COMMITTEE. 

NATIONAL  ZOOLOGICAL  PAKK,  1W7. 
BalBDceJnlyl,  1897,  m  per  iMt  report $1,567.03 

DIlSltUltSRHKNTS. 

Geoeral  exp«iMea : 

Books «37.80 

Drawings,  plans,  etc 726.50 

Food 127.11 

Fwight 1*5.38 

UiBcellBliBonB 16.  JS 

Lnmber 45.61 

SoppliM W.81 

8Utionei7 6.00 

Telepbones,  uiMsengers,  etc 66.90 

Ttavelmg  expenses 27.46 

1,1»*.51 

Balance  July  1,  1898 12.52 

National  zoological  fark,  um. 

Balance  Jnljr  1, 1897,  as  per  last  report C33.23 

DISBURSBMBNTS. 

General  expenses : 

Supplies 23,10 

Balance .13 

BalAnoe  carried,  under  tbe  provisions  oT  Revised  Statntea.  seotioD  3090,  b;  tbe 
Tieaaury  Department  to  tbe  credit  of  the  snrplns  fnnd,  Jnne  30,  1S98. 

REC'A  PITUL  ATION. 

The  total  amODOt  of  fnods  administerad  by  the  inatitntion  dnrjng  tbe  year  ending 
Jane  30, 1898,  appears  firom  tbe  foregoing  statements  and  the  aoconnt  books  to  have 
been  as  follows : 

auiTHsoNiAH  institution. 

From  balanceof  last  year,  Jnly  1,  1897 $61,532.50 

(Inelnding    cash    f^m   executors    of   Dr.   J.   H. 

Kidder)  ^,000.00 

(Inclnding  cash  f^om  gift  of  Alex.  Otaham  Bell). . .     5. 000. 00 

10,000.00 

From  interest  on  Smithsonian  fnnd  for  the  year 54,720.00 

From  interest  on  West  Shore  bonds 1,680.00 

From  sales  of  pablioations 458.08 

From  repayments  of  freight,  etc 10,320. 14 

128,  VIO.  72 

APPROPRIATIONS  COMMITTED   BY   CONGRESS  TO  THR  CARB   OP  THB  INSTITUTION. 

International  eicbanges— Smithsonian  Instltation : 

From  balance  of  1896-96 $0.03 

From  balance  ori896-97 179.63 

Prom  appraprialioD  for  1897-98 19,000.00 

»19, 17!).66 
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BEPOBT  OP  THE  BXECUTIVB   COMMITTEE.  XLIII 

Nortb  AmeriiHui  Ethnology — SnlthBoniaii  iDatitation: 

J-rombaUnoe  of  1895-96 W«.63 

From  IwUnoe  of  1896-97 218.  M 

From  «ppwipfi»tk>ii for  1897-118 45,000.00 

W6, 374.66 

Praaervation  of  colleotioiu — National  HoMam: 

From  balaooe  of  1896-96 !.;& 

From  balance  of  1896-97 4,201.93 

From  appropriation  for  1897-98 160.000.00 

164,303.30 

Printing — National  Ui»enm: 

From  Italanoe  of  1896-97 8.33 

From  appropriation  for  1897-98 13,000.00 

13,008.33 

Fnmitnre  and  firtnroa — National  Mnaetim : 

From  balanc*  of  1896-96 0.30 

Prom  baUnco  of  1886-97 1,801.07 

From  appropriation  for  1897-98  30,000.00 

31,801.37 

Hoating  and  ligbtlDf;,  etc.— National  Hnstium ; 

From  balanoH  of  18^-96 0.43 

From  balanne  of  1896-97 743.11 

From  appropriation  for  1897-98 14,000.00 

14.743.53 

Rent  of  wurkdiopB,  etc. — National  Mnsenm : 

From  balance  of  1896-97 0.08 

From  appropriation  for  1897-98 3,000.00 

3,000.08 

Postage — National  Mosenm : 

From  appropriation  for  1897-98  600.00 

Building  repairs — National  Muat^nn : 

From  balance  of  1896-96 1.38 

From  balance  of  1896-97 116.25 

From  appropriation  for  1897-98 4,000.00 

4,116.83 

Galleriea — National  Hnaeom : 

From  balance  for  1896-97 4,034.35 

From  appropriation  for  1897-98 8,000.00 

12, 024. 35 

Rebuilding  sheds,  etc. — National  Hueenm : 

From  appropriation  fbr  1897-98 2,600.00 

Astrophytical  Observator; — Smithsonian  Institution: 

Prom  balance  of  1895-96 66.60 

From  balanoe  of  1896-97 2,426.44 

From  appropriation  for  1897-98 10,000.00 

12,483.94 

National  Zoalogieal  Park: 

From  balance  of  1895-96 23.23 

From' balance  of  1896-97 1,667.03 

Pram  appropriation  for  1897-98 66,000.00 

56,690.26 


Smithsonian  Institntion 128,710.73 

Exchanges 19,179.66 

Ethnology 45,274.56 

Fresen-ation  of  collections 164,203.25 


Goo<^lc 


XLIV  REPOET  OP  THE  EXECUTIVE  COMHTTTEE. 

Printing •13,008.38 

ForDitare  ADd  fixtarea 31,801.37 

HmtiDg  and  lighting I1,742.B3 

Rent  of  workshop 2,000.06 

PoBtage 600.00 

BnDding  repftin 4,116.63 

OBlleries 13,034.86 

ReliDildiug  iheda 2,600.00 

Astrophygical  Obwrvator; 12, 4K.  U 

NmtlonBl  Zoologioftl  Park 66,690.28 

»506,1»4.68 

The  committee  ba»  esamioed  the  voacbera  for  payment  ftvm  the 
Smithsonian  income  daring  the  year  ending  Jane  30,  L898,  each  of 
which  bears  the  approval  ot  the  Secretary  or,  in  his  absence,  of  the 
Acting  Secretary,  and  a  certificate  that  the  materials  and  services 
charged  were  applied  to  the  purposes  of  the  Institution. 

The  committee  has  also  examined  the  accoants  of  the  several  appro- 
priations committed  by  Congress  to  the  Institotion,  and  finds  that  the 
balances  hereinbefore  given  correBi>ond  with  the  certificates  of  the  dis- 
bursing clerk  of  the  Smithsonian  Institntion,  whose  appointment  as 
such  disbursing  officer  has  been  accepted  and  his  bond  approved  by 
the  Secretary  of  the  Treasury. 

The  quarterly  accoants  cnrrent,  the  vouchers,  and  journals  have  been 
examined  and  found  correct. 

SlaUtuvnt  of  regular  inoonw  /rom  the  SnithMonian  fund  atailabU  for  mm  in  Ikt  year  ntd- 
ing  Junt  SO,  1899. 

BAlanoeoD  hand  JunuSO,  1898 $66,808.02 

(Inolnding  cash  from  executors  of  J.  H.  Kidder) 95,000.00 

(iDcladlngcAabftoittDr.  Alei*DderQrBh»m  Bell) 6,000.00 

10,000.00 

Interaat  dne  and  receivable  Jul;  1,  1898 37,360.00 

Interest  due  and  receivable  Jauaary  1,  1899 37,360.00 

Interest,  West  Shore  Railroad  bonds,  dne  Joly  1,  1898 S40.00 

Interest,  Weet  Shore  Railroad  bonds,  due  January  1,1899....         840.00 

66,400.00 

ToUl  available  for  year  ending  Jane  30,  1899 122,303.03 

Respectfully  submitted. 

J.  B,  Hbhdebson, 
Wm.  L.  Wilson, 

ALEXAIfDBB  ObAHAH  BBLL, 

Executive  Committee. 
Washington,  D.  0.,  January  II,  1899. 
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ACTS  AND  RESOltmONS  OF  CONGRESS  RELATIVE  TO  THE 
SMITHSONIAN  INSTITUTION,  NATIONAL  MUSEUM,  ETC. 

(In  oontiniuttion  of  prooaedingB  noted  In  previous  reporta.) 


[Fift;-flAh  CongMM,  8«cond  Mssiou.] 

BBaXNTB  OF  SUITHBONIAN  INBTIT1JTION. 

Resolved  by  tJie  Senate  and  Route  of  Representativee  of  the  United  States 
of  Amerioa  in  Congress  assembled,  That  the  vacaDoies  in  the  Board  of 
Begents  of  the  SmithsouiaD  lustitation,  of  the  class  other  than  Mem- 
bers  of  OongreBS,  shall  be  filled  by  the  appointment  of  Alexander 
Graham  Bell,  a  resident  of  the  city  of  Washington,  in  place  of  Gardiner 
G,  Habbard,  of  the  city  of  Wa^ngton,  deceased;  and  by  the  reap- 
pointment of  John  B.  Henderson,  a  resident  of  the  city  of  Washington, 
and  of  William  Preston  Johnston,  of  Lonisiana,  whose  terms  of  office 
expire  on  Janoary  twenty-sixth,  eighteen  hnndred  and  ninety-eight. 
{Approved  January  24, 1898;  Statutes  of  1897-98,  p.  733.) 

LBATE8  OF  AB8EN0X;   CONDITION  OF  BUSINESS. 

8&0.  7.  That  section  five  of  the  act  making  appropriations  for  legisla- 
tive, executive,  and  judicial  expenses,  approved  March  third,  eighteen 
hnndred  and  ninety-three,  ia  hereby  amended  to  read  as  follows: 

"  Hereafter  it  shall  be  the  doty  of  the  beads  of  the  several  executive 
departments,  in  the  interest  of  the  public  service,  to  require  of  all 
clerks  and  other  employees,  of  whatever  grade  or  class,  in  their  respec- 
tive departments,  not  less  than  seven  hours  of  labor  each  day,  except 
Sundays  and  days  declared  public  holidays  by  law  or  Executive  order: 
Provided,  Tbat  the  heads  of  the  departments  may,  by  special  order, 
stating  the  reason,  further  extend  the  hours  of  any  clerk  or  employee 
in  their  departments,  respectively ;  but  in  case  of  an  extension  it  shall 
l)e  without  additional  compensation:  Provided  further.  That  the  head 
of  any  department  may  grant  thirty  days'  annual  leave  with  pay  in 
anyone  year  to  each  clerk  or  employee:  And  provided  further,  That 
where  some  member  of  the  immediate  family  of  a  clerk  or  employee  is 
afBicted  with  a  contagions  disease  and  requires  the  care  and  attendance 
of  such  employee,  or  where  his  or  her  presence  in  the  department 
would  jeopardize  the  health  of  fellow-clerks,  and  in  exceptional  and 
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meritorioaa  oases,  where  a  clerk  or  emplofee  is  persooally  ill,  and  where 
to  limit  the  annaal  leave  to  thirty  daya  in  any  one  calendar  year  would 
work  pecaliar  hardship,  it  may  he  extended,  in  the  discretion  of  the 
head  of  the  department,  with  pay,  not  exceeding  thirty  days  in  any 
one  case  or  in  any  one  calendar  year, 

"  This  section  shall  not  be  construed  to  mean  that  ao  long  as  a  clerk 
or  employee  is  borne  upon  the  rolls  of  the  department  in  excess  of  the 
time  herein  provided  for  or  granted  that  he  or  she  shall  be  entitled  to 
pay  daring  the  period  of  such  excessive  absence,  but  that  the  pay  shall 
stop  upon  the  expiration  of  the  granted  leave. 

"Hereaiter  it  shall  be  the  duty  of  the  head  of  each  executive 
department  to  require  monthly  reports  to  be  made  to  him  as  to  the 
condition  of  the  public  bnsiness  in  the  several  bureaus  or  oflices  of  his 
department  at  Washington;  and  in  each  case  where  such  reports 
disclose  that  the  public  business  is  in  arrears,  the  bead  of  the  depart- 
ment in  which  such  arrears  exist  shall  require,  as  provided  herein,  an 
extension  of  the  honra  of  service  to  snch  clerks  or  employees  as  may 
be  necessary  to  bring  up  such  arrears  of  public  business."  (Legisla- 
tive, executive,  and  judicial  act  approved  March  15, 1898;  Statutes  of 
1897-98,  chap.  08,  p.  316.] 

Nothing  contained  in  section  seven  of  the  act  making  appropriations 
for  legislative,  execative,  and  jodioial  expenses  of  the  Qovernment  for 
the  fiscal  year  eighteen  hundred  and  ninety-nine,  approved  March  fif- 
teenth, eighteen  hundred  and  ninety-eight,  shall  be  construed  to  pre- 
vent the  head  of  any  execative  department  from  granting  thirty  days' 
annoal  leave  with  pay  in  any  one  year  to  a  clerk  or  employee,  notwith- 
standing snch  clerk  or  employee  may  have  had  during  such  year  not 
exceeding  thirty  days'  leave  with  pay  on  account  of  sickness  as  pro- 
vided iu  said  section  seven.  (Deficiency  appropriation  act  July  7, 
1898 ;  Statutes  of  1897-98,  chap.  671,  p.  653.) 

QUABTEBLT  BEPOBT  ON  CONDITION  OF  PTTBLIO  BUSINBSS. 

Hereafter  it  shall  be  the  doty  of  the  bead  of  each  executive  depart- 
.  meut,  or  other  Government  establishment  at  the  seat  of  Government 
not  under  an  executive  department,  to  make  at  the  expiration  of  each 
quarter  of  the  fiscal  year  a  written  report  to  the  President  as  to  the 
condition  of  the  public  business  in  his  executive  department  or  Gov- 
ernment establishment,  and  whether  any  branch  thereof  is  in  arreara 
(Section  7,  legislative,  executive,  and  judicial  appropriation  act,  ap- 
proved March  15, 1898;  Stetutes  of  1897-98,  p.  317.) 

PUBCQASB  OP  BOOKS  OF  BKFKBENCB. 

That  hereafter  law  books,  books  of  reference,  and  periodicals  for  use 
of  any  executive  department,  or  other  Government  establishment  not 
under  an  executive  department,  at  the  seat  of  Government,  shall  not 
be  purchased  or  paid  for  &om  any  appropriation  made  for  contingent 
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expenses  or  for  any  specific  or  general  purpose  unless  auch  parchase  is 
ftutborized  and  payment  therefor  specifically  provided  in  tbe  law 
graQtiug  tbe  appropriation.  (Section  3,  legislative,  execative,  and 
judicial  appropriatioQ  act,  approved  March  15,  1S1)8;  Statutes  of 
1897-98,  p.  316.) 

OATAI-OOTTB  OF  BCEBNTIFIC  LITEBATUBB. 

International  Ooufereuce  on  a  Gatalogae  of  SoieDtific  Literature: 
For  expenses  of  a  delegate  to  tbe  International  Conference  on  a  Cata- 
logue of  Scientific  Literature,  to  be  beld  at  London  daring  tbe  present 
year,  not  exceeding  five  buudred  dollars.  (Deficiency  appropriation 
act,  July  7,  189Sj  Statutes  of  1897-98,  chap.  671,  p.  6S3.) 

HATIONAL  MUSEUM. 

For  cases,  ftamitnre,  fixtures,  and  appliances  required  for  the  exhi- 
bition and  safe-keeping  of  tbe  collections  of  the  National  Musenm, 
including  twenty  tboasand  dollars  for  famishing  new  galleries  and 
inclndiug  salaries  or  compensation  of  all  necessary  employees,  thirty- 
five  tboasand  dollars. 

For  expense  of  heating,  lighting,  electrical,  telegraphic,  and  tele- 
phonic service  for  the  National  Museum,  fourteen  thousand  dollars. 

For  continuing  tbe  preservation,  exhibition,  and  increase  of  the  col- 
lections from  the  surveying  and  exploring  expeditions  of  tbe  Govern- 
ment, and  irom  other  soarces,  including  salaries  or  compensation  of  all 
necessary  employees,  one  hundred  and  sixty-five  thousand  dollars,  of 
which  sum  five  thousand  five  hundred  dollars  may  be  used  for  necessary 
drawings  and  illustrations  for  publications  of  the  National  Museum, 

For  purchase  of  books,  pamphlets,  and  periodicals  for  reference  in 
the  KattDual  Museum,  two  thousand  dollars. 

For  repairs  to  buildings,  shops,  and  sheds.  National  Museam,  includ- 
ing all  necessary  labor  and  material,  four  thousand  dollars. 

For  rent  of  workshops  and  temporary  storage  quarters  for  the  National 
Mnsenm,  four  thousand  five  hundred  dollars. 

For  postage  stamps  and  foreign  postal  cards  for  tbe  National  Museum, 
five  hundred  dollars. 

For  the  continuation  of  the  construction  of  galleries  in  the  National 
Museum  building,  under  the  direction  of  the  Superintendent  of  the 
Congressional  Library  building  and  gronnds,  in  accordance  with  the 
approval  of  the  Secretary  of  the  Smithsonian  Institution,  and  for 
the  building  of  skylights  above  galleries  in  the  foar  courts,  and  the 
erection  of  a  ventilator  upon  the  roof  of  tbe  l^ecture  Hall,  ten  thou- 
sand dollars. 

For  purchase  of  two  thousand  nine  hundred  volumes,  eighteen  thoo- 
sand  pamphlets,  and  one  tboasand  eight  hundred  portraits,  autographs, 
and  engravings  relating  to  museums,  exhibitions,  and  natural  history, 
library  of  the  late  G.  Brown  Ooode,  five  thousand  dollars.  (Sundry 
civil  act,  July  1, 1898;  Statutes  of  1897-98,  chap.  546,  p.  608.) 
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FRIMTIHG  AND  BIKDISa  FOE  KATIOKAi  XUSKUM. 

For  tbe  SmithBouittD  InatitatioD,  for  printiiig  labels  and  blanks  for 
the  "BiiUetiuB**  and  annaal  volumes  of  the  "  Proceedinga "  of  the 
National  Maseum,  the  editious  of  which  shall  not  be  less  than  three 
thousand  copies,  and  binding  in  half  turkey,  or  material  not  more  expen- 
sive, scientific  books  and  pamphlets  presented  to  and  acqaired  by  the 
National  Museum  Library,  seveuteen  thousand  dollars.  (Sundry  civil 
act,  July  1, 1898;  Statutes  of  1897-98,  chap.  646,  p.  647.) 

INTBBNATIOKAI.  ESOHAHaiES. 

For  expenses  of  the  system  of  international  exchanges  between  the 
United  States  and  foreign  countries,  under  the  direction  of  the  Smith- 
sonian Institution,  including  salaries  or  compensation  of  all  necessary 
employees,  and  the  purchase  of  necessary  books  and  periodicals,  twen^- 
one  thousand  dollars.  (Sundry  civil  act  for  1899,  July  1, 1898;  Stat- 
utes of  1897-98,  chap.  546,  p.  608.) 

AKBBIOAK  ETHNOLOOT. 

For  continuing  ethnological  researches  among  the  American  Indians, 
under  the  direction  of  the  Smithsonian  Institution,  including  salaries 
or  compensation  of  all  necessary  employees,  and  the  purchase  of  neces- 
sary books  and  periodicals,  fifty  thousand  dollars,  of  which  sum  not 
exceeding  one  thousand  dollars  may  be  used  for  rentof  building.  (Snn- 
dry  civil  act  for  1899,  July  1,  1898;  Statutes  of  1897-98,  chap.  546, 
p.  608.) 

For  payment  of  the  oatstanding  accounts  incurred  during  tbe  fiscal 
year  ended  June  thirtieth,  eighteen  hundred  and  ninety-seven,  under  the 
appropriation  "North  American  ethnology,  Smithsonian  Institntion," 
and  which  are  set  forth  on  page  five  of  House  document  numbered  three 
hundred  and  nineteen,  of  this  session,  four  hundred  and  sixty-six  dollars 
and  fifty  cents.  (Deficiency  appropriation  act  for  1898;  Statutes  of 
1897-98,  chap.  571,  p.  662.) 

ABTBOPHTSIOAI.    OBSBBVATOBT. 

For  maintenance  of  astrophysical  observatory,  under  the  direction 
of  the  Smithsonian  Institution,  including  salaries  of  assistants,  the 
purchase  of  necessary  books  and  periodicals,  apparatus,  printing  and 
publishing  results  of  researches,  not  exceeding  one  thousand  five 
hundred  copies,  and  miscellaneous  expenses,  ten  thousand  dollars. 
(Sundry  civil  act,  July  1, 1898;  Statutes  of  1897-98;  chap.  646,  p.  608.) 

That  the  secretary  of  the  Smithsonian  Institution  is  hereby  author- 
ized to  apply  any  unexpended  balance  of  the  appropriation  for  tbe 
astrophysical  observatory,  Smithsonian  Institution,  for  the  fiscal  year 
ending  June  thirtieth,  eighteen    hundred  and  ninety-eight,  to  the 
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improvement  of  the  buildiug  uaed  for  the  purposes  of  the  said  observ- 
atoiy,  and  the  same  is  hereby  reappropriated  and  made  available  for 
expenditure  daring  the  fiscal  year  eighteen  handred  and  ninety-nine 
for  the  object  set  forth.  (Beflcieucy  appropriation  act  for  1898;  Stat- 
utes of  1S97-98,  chap.  571,  p.  662.) 

NATIOKAL  ZOOLOGICAL  PARK. 

For  continuing  the  coustructioo  of  roads,  walks,  bridges,  water  sap- 
ply,  sewerage  and  drainage;  and  for  grading,  planling,  and  otherwise 
improTiug  the  grounds;  erecting  and  repairing  buildings  and  inclos- 
ares;  care,  subsistence,  purchase,  and  transportation  of  animals,  includ- 
ing salaries  or  compensation  of  all  necessary  employees,  the  purchase 
of  necessary  books  and  periodicals,  and  general  incidental  expenses 
not  otherwise  provided  for,  sixty-five  thousand  dollars;  one-half  of 
which  sum  shall  be  paid  from  the  revenues  of  the  District  of  Ck>Iambia 
and  the  other  half  Irom  the  Treasury  of  the  United  States ;  and  of  the 
sum  hereby  appropriated  five  thousand  dollars  shall  be  used  for  cou- 
tinutug  the  entrance  into  the  Zoolo^^ical  Park  from  Woodley  Lane,  and 
opening  driveway  into  Zoological  Piirk,  from  said  entrance  along  the 
bank  of  Rock  Creek.  (Sundry  civil  actapproved  July  1,1898;  Statutes 
of  1897-98,  chap.  546,  p.  60S.) 

For  the  purpose  of  opening  Cathedral  aveime  in  accordance  with 
the  highway  extensiou  plans,  the  Sporetary  of  the  Interior  is  hereby 
authorized  and  directed  to  convey  all  right  and  title  of  the  tJnited 
States  in  and  to  a  parcel  of  land  bounded  on  the  north  by  block  two  of 
the  subdivision  called  Meridian  Hill,  and  on  the  east  by  the  east  line 
of  said  block  two  extended  southward,  and  on  the  west  by  the  east 
line  of  Sixteenth  street  west  as  said  line  is  now  extended  and  laid  down 
through  said  block  two,  and  on  the  south  by  a  line  parallel  to  W  street 
of  the  city  of  Washington  and  distant  ninety  feet  north  from  the  south 
line  of  said  W  street,  to  the  parties  owning  a  good  and  unincumbered 
title  in  fee  simple  to  lota  numbered  twenty-two  to  twenty-nine,  both 
inclusive,  in  block  numbered  five  of  the  subdivision  called  Woodley 
Park,  in  the  District  of  Colnmbia,  containing  about  one  hundred  and 
three  thousand  five  hundred  square  feet  of  laml,  and  adjoining  the  land 
of  the  United  States  embraced  in  the  Zoological  Park,  upon  the  con- 
veyance by  said  parties  of  the  said  lots  to  the  [Juited  States:  Pro- 
vided, That  said  lots  in  said  Woodley  Park,  when  so  conveyed  to  the 
United  States  as  aforesaid,  shall  become  part  of  the  said  Zoological 
Park  and  shall  be  subject  to  the  inclusion  of  so  much  of  the  same  on 
said  Cathedral  avenue  as  may  be  necessary  for  the  parpoae  of  opeuiog 
the  said  avenue.  (Sundry  civil  act  approved  July  1, 1898;  Statutes  of 
1897-98,  chap.  546,  p.  610.) 
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INTBRNATIOHAI,  FISHBBIBS  EXPOBITION  IN  KOBWAT. 

JOINT  RESOLUTION  Accepting  the  iuTltation  of  the  GoveiatDeut  of  Norway  to 
take  iiKtt  in  tat  lutemfttioDal  FiaheriM  Exposition  to  be  held  at  tbe  city  of  Bergeo, 
Norway,  from  May  to  September,  aoDO  Domini  eighteen  bondred  and  ninety-eight. 

Whereas  the  United  States  have  been  duly  invited  by  the  Govern- 
ment of  Norway  to  take  part  in  an  International  Fisheries  Exposition 
to  be  held  at  tbe  city  of  Bergen,  ^Norway,  from  May  sixteenth  to  Sep- 
tember thirtieth,  anno  Domini  eighteen  hundred  and  ninety -eight,  which 
Exposition  will  also  iiiolnde  national  sections  for  indastries,  agricul- 
ture, and  the  fine  arts:  Therefore, 

Resolved  by  the  Senate  and  Mouse  of  Representativea  of  the  United  States 
0/ America  in  Congress  assembled,  That  said  invitation  is  accepted,  and 
^at  the  CommiBsioner  of  Fish  and  Fisheries  is  hereby  directed,  in  per- 
son, or  by  a  deputy  to  be  appointed  by  the  President  of  the  United 
States,  and  whose  compensation  if  not  in  the  public  aeivice  shall  not 
exceed  two  thousand  five  hundred  dollars,  inclading  personal  and  trav- 
eling expenses,  to  represent  the  United  States  at  said  Exposition,  and 
to  cause  a  suitable  and  propei*  exhibition  and  display  to  be  made  at 
said  Exposition  of  the  food-fishes  of  the  United  States,  and  the  methods 
of  catching,  salting,  curing,  and  preserving  tbe  same,  and  of  the  imple- 
ments and  appliances  used  in  carrying  on  the  fishery  industries  of  the 
United  States,  and  to  this  end  may,  at  his  discretion,  use  any  portion 
of  the  collection  in  the  Kational  Museom  at  said  Exposition. 

That  the  sum  of  twenty  thousand  dollars,  or  so  much  thereof  as  may 
be  necessary,  is  hereby  appropriated,  out  of  any  money  in  the  United 
States  Treasury  not  otherwise  appropriated,  to  be  immediately  avail- 
able, and  to  be  expended  under  the  direction  of  the  Secretary  of  State, 
to  pay  all  the  expenses  and  costH  of  representing  the  United  States  at 
said  Exposition,  as  aforesaid,  and  to  pay  all  the  costs  and  exi>enseB 
and  outlays  pertaining  or  incident  to  the  making  and  carrying  on  of 
the  exhibition  and  display  aforesaid  at  said  Exposition:  Provided, 
That  the  total  expenses  and  liabilities  incurred  under  this  resolution 
shall  not  exceed  the  sum  of  twenty  thoasand  dollars. 

That  the  said  Oommissioner,  or  his  deputy,  is  hereby  directed  to 
make  a  full  report  to  tbe  Department  of  State  of  tbe  participation  of 
the  United  States  in  said  Exposition,  and  of  all  the  information  and 
results  acqnired  and  obtained  at  or  by  means  of  said  Exposition  tonch- 
ing  the  fishery  iudostry  throughout  the  world.  (Approved  January 
25. 1898;  Statutes  of  1897-98,  p.  733.) 

JOINT  RESOLUTION  Accepting  the  iDvttktion  of  the  Government  of  Norway  to 
take  part  Id  an  Intemational  Fisheries  Eipositiou  to  be  bvld  at  tbe  city  of  Ber- 
gen, Norway,  from  May  to  September,  anno  Domini  eighteen  hnndred  and  ninety- 
eight. 

Whereas  the  United  States  have  been  duly  invited  by  the  Uovern- 
ment  of  Norway  to  take  part  in  an  International  Fisheries  Exposition 
to  be  held  at  the  city  "Vorway,  from  May  sixteenth  to  Sep- 

ember  thirtieth,  am  *iteeu  Imndred  and  ninety-eight. 
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which  exposition  will  alao  ioclnde  national  sectioDS  for  iodnstries, 
agricultDre,  and  the  fine  arts:  Therefore, 

Resolved  by  the  Senate  and  House  of  Repreaentattrea  of  the  United  States 
of  America  in  Congress  assembled.  That  said  invitation  is  accepted,  and 
tiiat  the  Oommtssioner  of  Fish  and  Fisheries  ia  hereby  directed,  in  ther- 
eon, or  by  a  deputy  to  be  appointed  by  the  Proaident  of  the  United 
States,  and  whose  compensation  if  not  in  the  pablic  service  shall  not 
exceed  two  thonsand  five  hundred  dollars,  iDcluding  personal  and  trav- 
eling expenses,  to  represent  the  United  States  at  said  exposition,  and  to 
caase  a  suitable  and  proper  exhibition  and  display  to  be  made  at  said 
exposition  of  the  food  flsbes  of  the  United  States,  and  the  methods  of 
catching,  salting,  curing,  and  preserving  the  same,  and  of  the  imple- 
ments  and  appliances  used  in  carrying  on  the  fishery  industries  of  the 
United  States,  and  to  this  end  may,  with  the  consent  of  the  Secretary 
of  the  Smithsonian  Institation,  nse  any  portion  of  the  fisheries  collec- 
tion in  the  National  Museum  at  said  exposition. 

That  the  sum  of  twenty  thousand  dollars,  or  so  much  thereof  as  ma> 
be  necessary,  is  hereby  appropriated,  out  of  any  money  in  the  United 
States  Treasury  not  otherwise  appropriated,  to  be  immediately  availa- 
ble, and  (o  be  expended  under  the  direction  of  the  Secretary  of  State, 
to  pay  all  the  expenses  and  coats  of  representing  the  United  States  at 
said  exposition,  as  aforesaid,  and  to  pay  all  the  costs  and  expenses  and 
outlays  pertaining  or  incident  to  the  making  and  carrying  on  of  the 
exhibition  and  display  aforesaid  at  said  exposition:  Provided,  That  the 
total  expenses  and  liabilities  incurred  under  this  resolution  shall  not 
exceed  the  sum  of  twenty  thousand  dollars. 

That  the  said  Commissioner,  or  his  deputy,  is  hereby  directed  to  make 
a  fall  report  to  the  Department  of  State  of  the  participation  of  the 
United  States  in  said  exposition,  and  of  all  (he  information  and  results 
acquired  and  obtained  at  or  by  means  of  said  exposition  touching  the 
fishery  indnstry  throughout  the  world.  (Approved,  February  17, 1898; 
Statutes  of  1897-98,  p.  734.) 

That  the  joint  resolution  accepting  tbe  invitation  of  the  Government 
of  Norway  to  take  part  in  an  International  Fisheries  Exposition  to  be 
held  at  tbe.  city  of  Bergen,  STorway,  from  May  to  September,  anno 
Domini  eighteen  hundred  and  ninety-eight,  approved  January  twenty- 
fifth,  eighteen  hundred  and  ninety-eight,  be,  and  tbe  same  is  hereby, 
repealed.  (Deficiency  appropriation  act,  approved  July  7,  1898j  Stat- 
utes of  1897-98,  chap.  671,  p.  G53.) 

OMAHA.  EXPOSITION. 

That  the  paragraph  in  the  "Act  making  appropriation  for  sundry 
civil  expenses  of  the  Government  for  the  fiscal  year  ending  Jnne  thir- 
tieth, eighteen  hundred  and  ninety-eight,  and  for  other  purposes," 
approved  June  fourth,  eighteen  hundred  and  ninety-seven,  making 
appropriation  of  two  hundred  thousand  dollars  for  construotioo  of 
building  or  buildings  and  for  (lovernment  exhibit,  be  amended  in  tbe 
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second  line  thereof  by  adding  after  the  word  "inclading,"  the  follow- 
ing words:  the  selection,  purchase,  preparation,  installation,  care  and. 
(Urgent  deficiency  act,  approved  January  28, 189S;  statutes  of  1897-98, 
p.  236.) 

JOINT  RESOLUTION  Eitendiag  limit  of  costof  ttie  Oovennnsnt  botlding  or  bnila- 
iaifH  at  the  TrausmiHsissippl  and  Intetaatioiial  Exposition  &t  Omahn,  Nebraska, 
and  rednciug  cost  of  Oovernment  exhibit. 

Resolvedby  the  Senate  and  Houte  of  Representatives  of  tiie  United  States 
of  America  in  Congress  assembled,  That  the  Secretary  of  the  Treasury 
bo,  and  he  is  hereby,  authorized  and  directed  to  cause  to  be  constructed 
and  completed,  at  an  additional  cost  not  to  exceed  ten  thoosaud  dollars, 
the  Government  building  at  the  Transmississippi  and  International 
Exposition  at  Omaha,  Nebraska,  as  shown  and  called  for  by  the  plans, 
drawings,  and  specifications  on  which  bids  were  taken  for  its  erection, 
and  so  forth;  and  that  the  Secretary  of  the  Treasury  be,  and  he  is 
hereby,  further  authorized  and  directed  to  cause  to  be  erected  at  said 
exposition  a  building  for  an  exhibit  of  the  United  States  Life-Saviog 
Service,  at  a  cost  not  t«  exceed  for  said  building  the  snm  of  two  thou- 
sand Ave  hundred  dollars;  and  to  enable  the  Secretary  of  the  Treasury 
to  give  efTect  to,  and  execute  the  provisions  of,  this  act,  the  limit  of 
cost  of  the  Government  building  or  buildings  authorized  to  be  erected 
at  said  exposition  is  hereby  extended  fl-om  fifty  thousand  dollars  to 
sixty-two  thousand  five  hundred  dollars;  aud  the  cost  of  the  Qovern- 
ment  exhibit  at  said  exposition  is  liereby  reduced  from  one  hundred 
fifty  thousand  dollars  to  one  hundred  thirty-seven  thousand  five  hun- 
dred dollars.    (Approved,  December  IS,  1897.) 

JOINT  RESOLUTION  Antborizing  the  Secretary  of  the  Treotmry  to  reiit  lightiug 
apparatus  for  QoTerumeDl  buililiog  at  TraoBmiiMissippi  aud  InternutiuDol  Expo- 
BitioD. 

Resolved  by  the  Settate  and  House  of  Representatives  of  the  United  States 
of  America  in  Congress  assembled,  That  the  Secretary  of  the  Treasury 
be,  and  he  is  hereby,  authorized  to  rent  electric  wiring  and  lamps  for 
the  lighting  of  the  exterior  of  the  building  for  the  Government  exhibit 
at  the  Transmississippi  and  International  Exposition  at  Omaha, 
Nebraska,  if,  in  his  judgment,  such  conrse  will  be  less  expensive  than 
to  wire  the  building  aud  furnish  lamps  therefor;  the  expense  thereof 
to  be  paid  from  the  unexpended  balance  of  the  appropriation  for  the 
construction  of  said  building.  (Approved,  May  18, 1898;  Statutes  of 
1897-98,  p.  743.) 

PARIS  EXPOSITION. 

The  President,  by  and  with  the  advice  and  consent  of  the  Senate, 
shall  appoint  a  commissioner-general  to  represent  the  United  States 
at  the  exiK>sition  to  be  held  in  Paris,  France,  commencing  April  fif- 
teenth and  closing  November  fifth,  nineteen  hundred,  and,  under  the 
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general  direction  of  the  President  to  make  all  needful  rales  and  re^- 
nlatioDS  in  reference  to  the  contribations  ^m  the  United  States, 
subject  to  the  approval  of  the  President,  and  to  control  the  expend- 
itnres  incident  to  and  necessary  for  the  proper  installation  and  exhibit 
thereof;  and  the  President,  by  and  with  the  advice  and  consent  of 
the  Senate,  shall  also  appoint  an  assistant  commissioner-general,  who 
shall  as^st  and  act  under  the  direction  of  the  commissioner-general, 
and  shall  perform  the  duties  of  the  oommlsBioner-geneml  in  case  of 
bis  death,  disability,  or  temporary  absence;  and  a  secretary,  who 
shall  act  a»  disbursing  agent  and  shall  perform  snch  duties  as  may 
be  assigned  to  him  by  the  commissioner  general,  shall  render  liis 
accounts  quarterly  to  tbe  proper  accounting  ofBcers  of  the  Treasury, 
and  shall  give  bond  in  such  sum  as  the  Secretary  of  the  Treasury  may 
require.  The  President,  by  and  with  the  advice  and  consent  of  the 
Senate,  shall  also  appoint  twelve  commissioners,  who  shall  be  subject 
to  the  direction  and  control  of  the  commissioner-general  and  perform 
from  time  to  time  such  service  as  he  shall  require.  The  commissioner- 
general  shall  employ  snch  number  of  experts  as  may  be  needed,  hav- 
ing special  attainments  in  regard  to  the  subjects  of  the  gronp  or 
groups  in  said  exposition  to  which  they  may  be  assigned,  respectively, 
and  he  may  employ  fh)m  time  to  time  such  other  experts  as  he  may 
deem  necessary  in  the  preparation  and  installation  of  such  exhibits. 
The  commissioner-general  shall  be  paid  a  salary  of  eight  thousand 
dollars  per  annum ;  the  assistant  commissioner-general  a  salary  of  six 
thousand  dollars  ]>er  annum;  and  the  secretary  a  salary  of  four  thou- 
sand &ve  hundred  dollars  per  annum;  which  said  sums  shall  be  in  lieu 
of  all  personal  expenses  other  than  actual  traveling  expenses  while 
engaged  in  exposition  work;  and  the  terms  of  service  of  the  commis- 
sioner-general, assistant  commissioner-general,  and  secretary  shall  not 
exceed  three  years.  The  commissioners  herein  provided  for  shall  serve 
during  the  entire  calendar  year  nineteen  hundred,  and  they  shall  be 
paid  for  such  service  three  thousand  dollars  each,  which  payments  shall 
be  in  full  for  all  compensation  and  personal  and  traveling  expenses. 
The  necessary  expenses  herein  authorized,  and  expenses  for  the  proper 
installation  and  care  of  exhibits,  together  with  all  other  expenses  that 
may  be  authorized  by  the  commissioner-general  incident  to  the  partici- 
l>ation  of  the  United  States  in  said  exposition,  are  hereby  limited  to 
the  Sum  of  not  exceeding  six  hundred  and  fifty  thousand  dollars,  includ- 
ing not  exceeding  eighty-five  thousand  dollars  for  clerk  hire  in  the 
United  States  and  in  Paris.  The  Secretary  of  Agriculture  is  hereby 
authorized  to  prepare  suitable  exhibits  of  agricultural  products  of  the 
States  and  Territories  of  the  United  Status,  including  those  mentioned 
in  groups  seven,  eight,  and  ten  of  the  plan  of  said  exposition,  and 
shall  exhibit  the  same  under  the  direction  and  control  of  the  coinmis- 
siouer-general,  the  total  expenses  of  tbe  said  exhibits  not  to  exceed  in 
the  aggregate  seventy-five  thousand  dollars,  to  be  paid  oat  of  the 
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aforesaid  som  of  six  liundred  aud  flfty  tbousand  dollars;  and  reports 
respoctiDg  aacb  exhibits,  priuted  in  tlie  English,  French,  and  German 
languages,  shall  accompany  sncb  exhibits,  as  the  commissioner-geoeral 
may  direct.  All  officers  and  employees  of  the  Executive  Departments 
and  of  the  Fish  GommisBion  and  of  the  Smithsonian  Institntroii,  in 
charge  of  or  responsible  for  the  safe-keeping  of  exhibits  belonging  to 
the  United  States,  may  permit  such  exhibits  to  pass  out  of  their  pos- 
session for  the  purpose  of  being  transported  to  and  from  and  exhibited 
at  said  exposition,  as  may  be  requested  by  the  commissioner-general, 
whenever  authorized  to  do  so,  respectively,  by  the  heads  of  the  I>ei>art- 
meuts  aLd  the  Coiomisiouer  of  Fish  and  Fisheries  and  the  Secretary 
of  the  Smithsonian  Institntion;  snch  exhibits  and  articles  to  be  returned 
to  the  said  respective  Departments  to  whicli  they  belong  at  the  close  of 
the  exj>osition.  It  shall  be  the  daty  of  the  commissiouer- general  to 
report  to  the  President,  for  transmission  to  Congress  at  the  beginning 
of  each  regular  session,  a  detailed  statement  of  the  expenditures 
incnrred  hereunder  during  the  twelve  months  preceding;  and  the  com- 
missioner-geueral  is  hereby  required,  withiD  four  months  after  the  close 
of  said  exposition,  to  make  full  report  of  the  results  thereof,  as  herein 
required,  which  report  shall  bo  prepared  and  arranged  with  a  view  to 
concise  statement  and  convenient  reference,  and  when  printed  shall 
not  exceed  six  volumes  octavo,  containing  an  average  of  not  exceeding 
one  thousand  pages.  Toward  the  expenses  herein  authorized,  incident 
to  the  participation  of  the  United  States  in  said  exposition,  there  is 
hereby  appropriated  the  sum  of  two  hundred  thdnsand  dollars,  to  be 
immediately  available,  and  to  remain  available  until  expended,  of 
which  amount  the  sum  of  twenty  thousand  dollars  may  be  used  by  the 
Secretary  of  Agriculture  in  the  preparation  of  the  agricultural  exhibit 
herein  provided  for,  (Sundry  civil  act,  approved  July  1,1898;  Statutes 
of  1897-98,  chap.  646,  p.  645.) 

BUFPAI.O  EXPOSITION. 

JOINT  RESOLUTION  Begardiog  the  holding  of  »  Pan-Amerloaii  ExpoaitioD  in  the 
you  nlneteeo  handled  and  one  npoD  Cayogft  laUnd,  between  the  cities  of  Baffalo 
and  Ntftgara  Falls,  io  the  State  of  New  Tork,  to  illastrate  the  development  of  the 
Westen  Uemiephere  during  the  nineteenth  ceotury. 

Whereas  there  has  been  duly  iucorporated,  under  the  laws  of  the 
State  of  Kew  York,  by  citizens  of  said  State,  a  company  organized  for 
the  purpose  and  with  the  object  of  preparing  and  holding  a  Pan- 
American  Exposition  on  Gaynga  Island,  near  Niagara  Falls,  New 
York,  in  the  year  uineteeu  hundred  and  one,  to  fittingly  illustrate  the 
marvelous  development  of  the  Western  Hemisphere  dnring  the  nine- 
teenth century  and  to  appropriately  celebrate  the  oiiening  of  the  tweu- 
tieth  century  by  a  demonstratloD  of  the  reciprocal  relations  existlug 
betweeu  the  American  Bepublics  and  colonies;  and 
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Wfaereas  the  lesrislatnre  of  the  State  of  Kew  York  has,  by  Dnanimous 
vot«,  memorialized  Congress  to  encourage  the  holding  of  said  Pan- 
American  Exposition;  and 

Whereas  the  proposed  expoaition,  being  confined  in  its  scope  to  the 
Western  Hemisphere,  would  nuquestionably  be  of  vast  benefit  to  the 
commercial  interests  of  the  coontries  of  Kortb,  South,  and  Central 
America:  Therefore, 

Resolved  fry  tke  Senate  and  Houte  of  B^reaentatives  of  the  United  Utates 
of  America  in  Congress  assembted,  That  the  proposed  Pan-American 
Exposition  to  be  held  on  Cayuga  Island,  between  the  cities  of  Bnfialo 
and  Niagara  Falls,  in  the  State  of  Kew  Yorli,  in  the  year  nineteen 
hundred  and  one,  merits  the  encouragement  and  approval  of  Congress 
and  of  the  people  of  the  United  States, 

Sec.  2.  That  all  articles  which  shall  be  impurted  from  foreign  coun- 
tries for  the  purpose  of  exhibition  at  said  exposition  shall  be  admitted 
free  of  duty,  customs  fees,  or  charges,  under  such  regulations  as  the 
Secretary  of  the  Treasury  shall  prescribe;  but  it  shall  be  lawfbl  during 
said  exposition  to  sell  for  delivery  at  the  close  thereof  any  goods  or 
property  imported  and  actually  on  exhibition  therein,  subject  to  such 
regulations  for  the  security  of  the  revenue  as  the  Secretary  of  the 
Treasury  shall  prescribe:  Provided,  That  all  such  articlett  when  sold 
or  withdrawn  for  consumption  shall  be  subject  to  the  daty,  if  any, 
imposed  apou  such  articles  by  the  revenue  laws  in  force  at  the  date  of 
their  importation  and  to  the  terms  of  the  tariff  laws  in  force  at  that 
time:  And  provided  further,  That  all  necessary  expenses  incurred, 
including  salaries  of  customs  officials  in  charge  of  imported  articles, 
shall  be  paid  to  the  Treasury  of  the  United  States  by  the  Pan- 
American  Exposition  Companjr,  under  regulations  to  be  prescribed  by 
the  Secretary  of  the  Treasury. 

Sec.  3.  That  in  the  passage  of  this  joint  resolution  the  United  States 
does  not  assume  any  liability  of  any  liind  whatever,  and  does  not 
become  responsible  in  any  manner  for  any  bond,  debt,  contract,  expend- 
iture, expense,  or  liability  of  the  said  exposition  company,  its  officers, 
agents,  servants,  or  employees,  or  incident  to  or  growing  out  of  said 
exposition.    (Approved,  July  8, 1898;  Statutes  of  18i)7-98,  p.  75L>.) 
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8.    P.   L^NGLEY. 

SECRETARY   OF   THE   SMITHSONIAN   INSTITUTION, 

FOR  THE  YEAR  ENDING  JUNE  30,  1898. 


To  ike  Board  of  Regents  of  the  Smithsonian  Institution. 

Oehtlehen  :  I  have  the  honor  to  present  herewith  my  coBtomary 
report,  showing  the  operations  of  the  Institation  daring  the  year  end- 
ing Jane  30,  1898,  inclnding  the  work  placed  under  its  direction  by 
Congress  in  the  United  States  National  MaBenm,  the  Bnreaa  of  Ameri- 
can Gthnoiogy,  the  International  Exchanges,  the  National  Zoological 
Park,  and  the  Astrophysioal  Obserratory. 

Following  the  precedent  of  several  years,  I  have  in  the  body  of  this 
report  given  a  general  account  of  the  affairs  of  the  Institation  and  its 
bareans,  while  the  appendix  presents  more  detailed  statements  by  the 
persons  in  direct  charge  of  the  different  branches  of  the  work.  Independ- 
ently of  this,  the  operations  of  the  National  Mnseom  are  folly  treated 
in  a  separate  volnme  of  the  Smithsonian  Report,  prepared  by  Acting 
Assistant  Secretary  C.  D.  Walcott,  and  the  report  of  the  work  of  the 
Barean  of  American  Ethnology  constitutes  a  volnme  prepared  under 
the  sapervision  of  Mtyor  J.  W.  Powell,  the  Director  of  that  Boreao. 

THE  SMITHSONIAN  INSTITOTION. 

THE  ESTABLISHMENT. 

I  have  to  record  three  changes  during  the  year,  caased  by  the  resig- 
nation of  Secretary  of  State  John  Sherman,  Attorney-General  Joseph 
McEenna,  and  Postmaater-Oeueral  James  A.  Gary,  who  were  suc- 
ceeded by  the  Hon.  William  E.  Day,  the  Hon.  John  W.  Griggs, 
and  the  Hon.  Oharles  Emory  Smith.    As  organized  at  the  end  of 
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tbe  fiscal  year  the  EstablisbmeDt  coneietecl  of  the  folloving  ex  officio 
members: 

William  McEimlbt,  Pretident  of  the  United  States. 

Gabbet  a.  Hobabt,  Vice-President  of  the  United  States. 

Melville  W.  Puller,  Chi^  Justice  of  the  United  States. 

William  E.  Day,  Secretary  of  State. 

Lymak  J.  Oagb,  Se4sretary  of  the  Treasury. 

BUSSBLL  A.  Algbb,  Secretary  of  War. 

John  W.  Gbig«s,  Attorney- QeneraL 

Charles  Bmoby  Smith,  Pogtmaster- General, 

John  D.  Long,  Secretary  of  the  Navy. 

Cobnblius  N.  Bliss,  Seeretary  of  the  Interior. 

Jambs  Wilsow,  Secretary  of  Agriculture. 
The  Establishment,  which  formerly  held  occasioaal  meetings,  haa  not 
been  assembled  for  some  time. 

THE  BOARD  OF  BBSBNTS, 

In  accordance  with  a  resolation  of  the  Board  of  Regents  adopted 
January  8, 1890,  by  which  its  aunnal  meeting  occurs  on  the  fourth 
Wednesday  of  each  year,  the  Board  met  on  January  26,  1898,  at  lU 
o'clock  a.  m.  The  joamol  of  its  proceedings  will  be  found,  as  hitherto, 
in  the  aunoal  report  of  the  Board  to  Congress,  though  reference  is 
made  later  on  in  this  report  to  several  matters  upon  which  action  was 
taken  at  that  meeting. 

The  Secretary  announced  to  the  Board  the  death  of  Mr.  Gardiner 
Greene  Hubbard,  a  regent,  and  after  appropriate  remarks  by  members 
of  the  Board,  resolutions  were  unanimously  adopted  by  a  rising  vote, 
which  will  be  found  under  the  beading  Necrology. 

Dr.  Alexander  Graham  Bell  was  appointed  a  regent  (to  fill  tbe 
vacancy  caused  by  the  death  of  Mr.  Hubbard)  by  joint  resolation, 
approved  by  the  President  of  the  United  States  on  January  24, 1898. 
Gen.  John  B,  Henderson  and  Dr.  William  Preston  Johnston  were 
reappointed  by  tbe  same  joint  resolution.  Senator  Morrill  was 
reappointed  by  the  President  of  the  Senate  on  March  15, 1897,  and  the 
Hon.  Joseph  Wheeler,  the  Hon.  B,  B.  Hitt,  and  tbe  Hon.  Eobert 
Adams,  jr.  (Representatives),  were  reappointed  by  the  Speaker  of  the 
Honse  on  December  22, 1897. 

Mr.  Bell  was  elected  a  member  of  tbe  execntive  committee,  of  which 
General  Henderson  was  reelected  chairman. 

The  Secretary  presented  his  annaal  report  of  operations  to  June  30, 
1897,  which  was  accepted.  Reports  were  also  presented  by  Geueral 
Henderson  aa  chairman  of  both  the  executive  and  the  permanent 
committees. 

The  Secretary  announced  his  acceptance  of  the  resignation  of  Prof, 
"harles  D.  Walcotc  as  Acting  Assistant  Secretary  in  Oharge  of  the 
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Ifatlonal  Mnaeum,  and  tbe  Board  passed  a  resolntion  modtfyiug  the 
terms  of  the  appointment  of  Mr.  Richard  Kathbao  as  Assistant  Secre- 
tary, so  that  his  services  might  be  ntilized  wherever  it  was  deemed 
beat  ior  the  interests  of  the  Institution. 

The  report  of  a  special  committee,  of  wbtcb  Mr.  Hubbard  had  been 
chairman,  was  eabmitted  by  General  Heiidersou,  pointing  out  tbe  need 
for  the  National  Museum  of  a  new  building,  as  well  as  an  increase  in 
the  scientific  staff  and  a  definite  purchasing  fund;  for  the  Bureau  of 
American  Ethnology  the  desirability  of  the  passage  of  a  law  declaring 
archaeological  sites  on  the  public  domain  public  monuments^  and  for 
the  National  Zoological  Park  the  need  of  greater  facilities  for  the 
purchase  and  housing  of  animals. 

With  regard  to  the  reeommendatioD  of  the  desirability  of  the  passage 
of  a  law  declaring  arch»ological  sites  on  tbe  public  domain  public 
monuments,  a  form  of  proposed  legislation  has  been  prepared  which 
may  later  be  brought  to  the  attention  of  the  Congressional  Regents  In 
their  legislative  capacity. 

There  was  also  a  further  snggestioD  of  the  form  which  the  reports  of 
bureau  officers  on  the  property  in  tbeir  charge  should  assume,  all  of 
which  matters  have  had  the  Secretary's  attention. 

At  the  beginning  of  the  Spanish-American  war  the  Hou.  Joseph 
Wheeler,  a  regent,  was  appointed  m^or-general  of  United  States  Tol- 
nnteers,  and  went  with  the  army  to  Cuba,  where  his  service  is  matter 
of  public  record.  Dr.  Andrew  D.  White,  a  regeut,has  been  appointed 
ambassador  to  Germany,  and  Dr.  James  B.  Angell,  another  regent, 
minister  to  Turkey.  These  gentlemen  are  still  regents,  though  the 
InstituUon  has  daring  the  year  been  deprived  of  their  valued  services. 

AHMINISTBATION. 

As  the  business  of  the  Institution  itself  and  of  tbe  various  Govern- 
ment bureaus  under  its  direction  increases  from  year  to  year,  the  question 
of  administration  and  of  a  proper  division  of  its  cost  among  the  various 
bureaus  becomes  more  pressing.  It  has  been  the  purpose  of  the  Secre- 
tary to  delegate  to  those  in  immediate  charge  of  the  bureaus  as  much 
authority  as  is  consistent  with  his  responsibilities  to  the  Board  of 
Regents  and  to  Congress.  The  gradual  growth  of  the  bureaus  both  in 
number  and  importance  has  thrown  into  the  Secretary's  office  a  very 
considerable  amount  of  clerical  labor  pertaining  almost  exclusively  to 
Government  work,  and  while  the  cost  of  clerical  service  for  this  central 
control  has  been  divided  among  tbe  bureaus  where  practicable,  yet 
the  limited  income  of  the  Institution  must  be  drawn  upon  in  larger 
measure  than  seems  pro{>er  until  a  suitable  time  for  tbe  organization 
of  a  force,  paid  fi-om  an  appropriation  specifically  for  this  purpose. 
Tbe  Board  bas  already  authorized  the  Secretary  to  call  upon  Congress 
for  such  an  appropriation,  but  each  year  obstacles  have  arisen  render- 
ing action  inexpedient. 
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FINAKOB8. 

At  the  beginiiiiig  of  tbe  fiscal  jeat,  Jaly  1, 1897,  the  nnexpended 
balance,  ae  stated  in  my  last  anonal  report,  was  (61,532.50,  The  total 
receipts  for  the  year  were  167,178.22,  being  tS6,400  derived  ttcm  the 
interest  on  the  permanent  ftind  in  Ibe  Treasury  and  elsewhere,  and 
(10,778.23  received  from  miscellaneoas  sonrces. 

The  disbur&emeots  for  the  year  amonuted  to  $62,807.70,  the  details  of 
which  are  given  in  the  report  of  the  ezecative  committee.  The  balance 
remaining  to  the  credit  of  the  Secretary  on  Jane  30,  1898,  for  the 
expenses  of  the  Institution,  was  $65,803.02,  which  indndes  $10,000 
referred  to  in  previoas  reports,  $6,000  of  which  was  received  from  the 
estate  of  Dr.  J.  H.  Kidder,  and  a  like  som  from  Dr.  Alexander  Gra> 
ham  Bell,  the  latter  a  gift  made  personally  to  the  Secretary  to  promote 
certain  physical  researches.  This  latter  sum  was,  with  the  donor's 
consent,  deposited  by  the  Secretary  to  the  credit  of  the  current  firnds 
of  the  lostitotion. 

This  balance  also  includes  the  interest  accumulated  on  the  Hodgtdns 
and  other  fands,  which  is  held  against  certain  contingent  obligations, 
t>e8idee  relatively  considerable  sums  held  to  meet  obligations  which 
may  be  expected  to  mature  as  a  result  of  various  scientific  investiga- 
tioBS  and  publications  in  progress. 

The  permanent  funds  of  the  Institution  are  as  follows: 

Bequest  of  SmittasoD,  1816 ffilE,  169.00 

Beaidnor;  legacy  of  Smlthaon,  1867 26,210.63 

DepMlte&vm  uvings  of  income,  1867 106,620.37 

Beqaeat  of  Jamee  HamUton,  187fi 91,000.00 

Ao<nimnUt«d  interest  on  UuniltoD  fnod,  18% 1,000.00 

2, 000. 00 

Bequeatof  Simeon  Habel,  1880 600.00 

Deposits  from  proceeds  of  sale  of  bonds,  1881 51,500.00 

Gift  of  Thomas  G.  Hodgkins,  1891 300,000.00 

Portion  of  TesidiiaiTleg»o;,T.G.HodKkina,18M 6,000.00 

Total  pennanent  fond 913,000.00 

The  Regents  also  bold  certain  approved  railroad  bonds,  forming  part 
of  the  fnud  established  by  Mr.  Hodgkins  for  investigations  of  the  prop- 
erties of  atmospheric  ^r. 

By  act  of  Congress  approved  by  the  President  March  12, 1894,  an 
amendment  was  made  to  section  5591  of  the  Revised  Statutes,  the  fun- 
damental act  organizing  the  lustitatioD,  as  follows: 

The  Secretary  of  the  Treasury  is  authorized  and  directed  to  receive 
into  the  Treasury,  on  the  same  terms  as  tbo  original  bequest  of  James 
Smitbson,  sncb  sums  as  the  Regents  may,  fW)m  time  to  time,  see  fit  to 
deposit,  not  exceeding  with  the  original  bequest  the  sum  of  $1,000,000 : 
Provide,  That  this  shall  not  operate  as  a  limitation  on  the  power  of 
the  Smithsonian  Institution  to  receive  money  or  other  property  by  gift, 
bequest,  or  devise,  and  to  hold  and  dispose  of  the  same  in  promotion  of 
the  purposes  thereo£ 
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Under  this  section,  5691  of  the  Bevised  Statates,  modified  as  above 
noted,  the  above  fdnd  of  (912,000  is  deposited  in  the  Treasury  of  the 
United  Stat«fi,  bearing  Interest  at  6  per  cent  per  annam,  the  interest 
alone  being  nsed  in  carrying  oat  the  ^ms  of  the  Institntion. 

Daring  the  fiscal  year  1897-98  (Jongress  charged  the  Institution  vith 
the  disbiirsemeat  of  the  following  appropriations: 

Intemfttlouk]  Eschuigea 919,000 

North  American  Ethnology 45,000 

United  States  National  Uuienm : 

Preaorvatton  of  oollectlona 160,000 

Fnmitnre  aud  flxturee 30,000 

Heating  and  lighting 15,097 

Portage 600 

Repairs  to  baildiogs 4,000 

Rent  of  workshops 2,000 

Qalleriw 8,000 

Kabnildiug  aheds 2,500 

PrintiDg 13,000 

Kational  Zoological  Park 65,000 

AatrophyBickl  Observatory 10,000 

The  execntive  cotamitt«e  has  examined  all  the  vouchers  for  disbarse- 
meuts  made  daring  the  fiscal  year,  and  a  detailed  statement  of  the 
receipts  and  expenditures  will  be  foand  reported  to  Congress,  in  accord- 
imce  with  the  provisions  of  the  sundry  civil  acts  of  October  2, 1888, 
and  Augnst  S,  1892,  in  a  letter  addressed  to  the  Speaker  of  the  House 
of  Bepresentatives. 

The  vouchers  for  all  of  the  expenditures  from  the  Smithsonian  fhnd 
proper  have  been  likewise  examined  and  their  correctness  certified  to  by 
the  executive  committee,  whose  statement  will  be  published,  together 
with  the  accounts  of  the  fands  appropriated  by  Congress,  in  that  com- 
mittee's report. 

The  estimates  for  the  fiscal  year  ending  Jane  30, 1899,  for  carrying 
on  the  Ooverument  interests  under  the  charge  of  the  Smithsonian 
Institution  and  forwarded  as  osual  to  the  Secretary  of  the  Treasary 
were  as  follows : 

Internktional  Ezcbuigea *M,  000 

AmericaD  Ethnology 50,000 

National  Miueain : 

PreMTTBtioa  of  oollectioDS 180,000 

Fnmitareand  fixtnr«a 35,000 

Heating  and  Ughting 15,000 

Postage 600 

GalleriM 10,000 

Repairs  to  balldlugs 8,000 

Rent  of  workshops 4,600 

Books 3,000 

lUnatratioDe  for  pnbliaaitionB  6,000 

Bnilding  for  workshops  and  storage 60,000 

Library  of  late  O.  Brown  Goode 6,000 
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National  Mnseaiii— Continued. 

Bebb  Herbarinm ' »5, 000 

Printing 17,000 

National  Zoological  Park 75,000 

Aatrophjraical  Obserratory 10,000 

The  appropriatioDs  made  by  Congress  for  the  fiscal  year  1K99  were 
as  follows : 

International  Eiobanges,  Smithaonian  Institntioo,  1899 921,000 

American  Ethnology,  Smitbaoniun  InatitatioD,  1899 50,000 

Ajitropbjsicol  Obserrator;,  Smithsonian  Institution,  1899 U^OOO 

National  Miuenni,  Smithsonian  Inatitntiou,  1899: 

Fnmitnreaud  UitnreB 36,000 

Heating  and  I  ighting 14, 000 

Preservation  of  collectiona 165,000 

Postage 600 

Galleries 10,000 

BooliB 3,000 

Rent  of  workshops 4,500 

Building  repaiia 4,000 

Purchase  of  library  of  the  late  G,  Brown  Goode 5,000 

National  Zoological  Park,  1899 66,000 

HAMILTON   FDND. 

The  original  amonnt  of  $1,000,  the  bequest  of  Mr.  James  Hamilton, 
of  Pennsylvania,  received  by  the  Institntion  in  1874,  was  increased  in 
189S  to  (2,000  by  the  addition  of  accumulated  interest  under  authority 
given  by  the  Regents  in  their  meeting  of  January  23, 1895,  the  sum  of 
tl50  expended  from  the  income  offend  in  1876  for  explorations  haviug 
been  refunded.  Tbe  preseot  income,  together  with  interest  accumulated 
since  1895,  seems  to  warrant  some  definite  application  of  tbe  interest 
on  the  bequest,  and  I  am  now  considering  a  plan  of  lectureships  in 
accordance  with  the  testator's  purpose. 

AVERT  FUND. 

Concerning  the  Avery  fund  I  have  to  report  that  by  a  decision  of  the 
Supreme  Court  of  the  United  States  tbe  Institntiou  has  obtained  a 
clear  title  to  the  property  on  Capitol  Hill  claimed  by  the  heira  of  Mrs. 
Avery.  The  executrix  of  the  estate  has  settled  her  accounts,  and  a 
small  balance  iu  cash  has  been  paid  to  tbe  Institntion.  Certain  stocks 
and  bonds  are  held  by  a  trnst  company,  the  income  to  be  paid  over  to 
Miss  Avery  during  her  lifetime,  and  upon  her  death  the  principal  is  to 
be  paid  to  the  Institution.  The  Institution  also  holds  some  small  pieces 
of  real  estate  which  it  is  not  deemed  wise  to  dispose  of  at  present.  The 
Gomibiasioners  of  the  District  of  Columbia  have  freed  this  property 
from  all  claim  for  taxes. 

It  may  be  recalled  that  the  testator,  while  leaving  his  property  abso- 
lutely at  the  disposal  of  the  Regents,  expressed  a  wish  that  it  might  be 


'  Item  withdrawn,  as  tbe  collection  had  been  sold. 
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made  asefol  in  promotiog  researches  on  the  Ether,  after  certain  mathe- 
matical and  phonetic  pablicatioos  and  certain  researches  connected 
with  a  special  form  of  telescope  bad  been  made.  The  moDeys  received 
from  the  estate  are  as  yet  too  small  to  carry  oat  any  part  of  this  par- 
pose  bnt  the  last. 

BUILDINGS. 

No  alterations  were  made  in  the  Smitbaooian  Bnilding  dnring  the 
year  except  sach  slighbrepairs  as  seemed  necessary  to  keep  it  in  good 
condition.  The  space  in  tbe  rear  of  the  bnilding,  however,  which  for  a 
nnmber  of  years  had  been  occupied  by  nnsightly  and  dangerous  storage 
sheds  and  workshops,  has  been  cleared  of  these  and  graded  into  a  lawn, 
thus  very  greatly  improving  (he  surroniidiugs. 

In  the  park  south  of  the  building,  and  at  a  distance  sufficient  to 
prevent  annoyaDoe,  there  has  been  erected  a  temporary  wooden 
bnildiDg  of  two  stories  for  tbe  use  of  the  taxidermists  and  for  other 
porpoaes. 

Tbe  investigations  being  prosecuted  in  the  Astropbysical  Observa- 
tory requiring  more  space  than  is  available  in  the  old  structure,  plans 
have  been  approved  and  some  progress  made  toward  the  erection  of 
some  very  simple  additions  authorized  by  Congress  at  its  last  session  by 
a  clause  permitting  tbe  expenditure  for  this  purpose  of  an  nuexpended 
balance  of  tbe  annua]  appropriatiou  for  the  maintenance  of  the  observ- 
atory. 

Four  additional  galleries  have  been  erected  in  the  Musenm  Building, 
three  for  exhibition  purposes  and  one  to  serve  as  an  increase  for  tbe 
quarters  for  tbe  Library,  thus  adding  6,650  square  feet  to  the  floor 
space  of  the  Musenm,  6,040  square  feet  of  which  is  available  for  exhi- 
bition purposes. 


The  promotion  of  original  research  has  always  been  one  of  the  prin- 
cipal functions  of  tbe  Institution.  InTcstigations  in  the  anthropological, 
biological,  and  geological  divisions  of  science  have  been  exteusively 
carried  on  through  the  departments  of  the  National  Museum,  and  In 
the  Bureau  of  American  Ethnology  there  have  also  been  special 
inquiries  into  Indian  oostoms  and  languages.  These  lines  of  research 
beiug  well  represented  by  its  bareans,  it  has  remained  for  tbe  Institn- 
tiou  i)roper  to  devote  its  energies  more  especially  to  some  of  the  physical 
sciences. 

The  Secretary  himself  has  carried  on  researches  in  the  solar  spectrum, 
which,  by  the  active  assistance  of  tbe  Aid  in  charge,  have  produced 
results  now  shortly  to  be  published.  They  are  believed  to  be  impor- 
-  tant  and  are  referred  to  in  another  portion  of  this  report. 

The  Secretary  has  not  wholly  discontinued  the  studies  which  be  has 
made  in  regard  to  aerodromic  experiments,  and  it  is  perhaps  not 
improper  that  be  should  state  that  these  have  attracted  tbe  attention 
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of  other  departmenta  ao  tat  that  daring  the  war  with  Spain  a  comtniB- 
Bton  was  directed  by  the  Secretariea  of  War  and  the  Nav?  to  inquire 
into  them  with  a  view  of  their  poesible  ntality  in  war.  This  is  not  the 
place  to  state  the  resolte  of  these  inqairies. 

The  Secretary  desires  to  repeat,  however,  that  his  time  is  almost  solely 
given  to  administrative  work,  and  that  what  he  hae  been  able  to  do  in 
these  directions  hae  been  done  largely  in  hours  which  he  might  considei- 
his  own. 

In  addition,  some  very  important  investigations  have  been  made  and 
others  are  in  progress,  by  specialists,  in  the  fundamental  laws  of  sound, 
of  gases,  the  upper  atmosphere,  and  on  impure  air  and  other  Important 
qnestiona,  which  are  mentioned  somewhat  more  in  detail  under  the 
heading  of  the  Hodgkins  ftind. 

HODOKIRS  IfUND. 

Although  the  Hodgkins  fund  competition  announced  by  the  Institu- 
tion in  the  widely  distributed  circular  of  March  31, 1893,  was  definitely 
closed  so  long  ago  as  December  31, 1894,  a  very  general  interest  is  still 
expressed  in  the  subject,  and  specialists  in  oar  own  and  other  countries 
not  infk«qnently  forward  copies  of  their  original  published  memoirs  as 
otmtributiouB  to  the  Hodgkins  fund  library  of  the  Institution. 

Frequent  applications  for  grants  are  received,  and,  uotwitbstaoding 
the  faotthat  the  limitations  on  the  use  of  the  fnnd  do  not  permit  it  to 
be  employed  for  the  support  of  au  investigation,  anless  ander  the 
exceptional  conditions  of  the  first  published  announcement,  it  has  still 
been  found  practicable  to  approve  several  awards  during  the  past  year. 

As  noted  in  my  last  report,  in  July,  1897,  an  additionfd  grant  of  |100 
was  made  to  Mr.  A.  Lawrence  Eotch,  of  the  Blae  Hill  Meteorological 
Observatory,  Iteadville,  Mass.,  and  in  the  following  October  a  farther 
grant  of  $250  was  approved  to  Mr.  Botch.  These  sums  are  to  be  devoted 
to  experiments  with  automatic  kites,  for  determining,  by  means  of  self- 
recording  iostrumeuts,  meteorological  data  in  atmospheric  strata 
inaccessible  except  by  some  mechanical  method  of  exploring  the  atmos- 
phere, and  it  will  be  of  possible  interest  to  the  Board  to  learn  that 
duringtbepastyear,  and  (to  slightly  anticipate),  shortly  after  its  close, 
experiments  of  remarkable  snccess  and  interest  have  been  made  by 
Mr.  Botch,  and,  among  others,  that  kites  have  been  down  to  the 
anpreoedeuted  height  of  11,086  feet  above  the  station,  carrying  up 
with  them  meteorological  instruments  which  recorded  the  height,  the 
pressure  of  the  wind,  the  dew  point,  and  other  facta  of  interest  at 
these  great  altitudes. 

Those  who  remember  the  situation  of  Blue  Hill,  one  of  the  highest 
landmarks  on  the  Atlantic  coast  north  of  the  southern  shores  of  the 
Qulf,  and  the  aapect  of  the  bills,  blue  with  the  distance  from  which 
they  take  their  name,  may  be  strack  by  the  certainly  notable  faat  that 
In  these  experiments  the  kites  sent  op  from  Blue  Hill,  and  held  there 
at  the  station,  were  occasionally  directly  ^ot  ocean. 
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UTovember  1,  1897,  a  grant  of  $500  was  made  to  Prof.  William 
Hallock,  of  Ooiumbia  UniverBity,  Kew  York  City,  for  an  investigation 
having  for  its  object  the  complete  aoalysis  of  a  particle  of  air  aoder 
the  influence  of  articalate  sonuds,  thus  eontribnting  a  study  of  the 
atmosphere  in  one  of  its  most  important  fonctions,  that  of  a  conveys 
of  speech. 

In  Febmary,  1898,  a  final  grant  of  (250  vas  made  to  Drs.  Lnmmer 
and  Pringaheini,  of  the  Physical  InstitalA  of  the  University  of  Berlin. 
The  investigation  begun  by  them,  in  1893,  to  determine  the  ratio  of  the 
specific  heats,  at  constant  pressure  and  volume,  for  air,  oxygen,  car- 
bondioxide,  and  hydrogen,  has  now  so  for  progressed  that  the  memoir 
submitted  by  Drs.  Lnmmer  and  Fringaheim,  noting  the  reantts  already 
attained  by  them,  has  been  published  by  the  Institntion  in  the  Smith* 
souian  Oontribntion  to  Knowledge. 

A  German  edition  of  this  original  memoir,  with  the  consent  of  the 
Institution,  is  to  be  published  by  the  authors,  and  it  is  understood 
that,  if  found  desirable,  their  research  will  be  fnrther  prosecuted  under 
the  direction  of  the  Pbysilialiscli-'Fecfanische  Reichsanstalt,  of  Berlin, 
FrofesBor  Dr.  Kofalransch,  the  president,  having  courteously  signified 
the  readiness  of  that  institution  to  fhrnish  the  means  necessary  for  the 
purpose. 

In  February,  1898,  an  additional  grant  of  $250  was  made  to  Mr.  E. 
0.  C.  Baly,  of  University  College,  Loudon,  to  enable  him  to  continue 
his  research  upon  the  decomposition  of  the  atmosphere  by  electricity, 
and  upon  the  ozonizing  of  mercury.  The  report  of  Mr.  Baly,  stating 
the  result  of  these  investigations,  is  now  awaited  by  the  Institution. 

A  grant  of  $250  to  Prof.  Arthur  O.  Webster,  of  Clark  University, 
Worcester,  Mass.,  was  approved  in  May,  1898,  for  the  continuation  of 
a  research  on  the  properties  of  air  in  connection  with  the  propagation 
of  sonnd,  special  efibrt  being  directed  to  the  securing  of  data  relating 
to  the  influence  of  the  viscosity  of  air  on  expiring  or  vanishing  sounds. 
An  instrument  dqvised  by  Professor  Webster  for  use  in  this  iDvestiga- 
tion  gives  the  physical  measure  of  a  sound,  not  only  when  constant,  but 
when  rapidly  varying,  It  is  expected  that  this  researeh  will  furnish 
results  of  high  practical  value  in  connection  with  the  question  of  the 
acoustics  of  auditoriums,  and  will  contribute  information  upon  points 
that  have  not  heretofore  been  satisfactorily  investigated. 

A  paper  embodying  the  results  of  the  interesting  rosearch,  described 
in  the  Secretary's  report  for  1894,  primarily  conducted  under  a  grant 
trom  the  Hodgkins  ftand  to  Dr.  J.  S.  Billings  and  Dr.  S.  Weir  Mitchell, 
and  continued,  undra*  their  supervision,  by  Dr.  D.  H.  Bergey,  of  the 
Laboratory  of  Hygiene,  University  of  Pennsylvania,  has  been  pub- 
lished in  the  Smithsonian  Miscellaneous  Collections. 

Although  the  terms  of  acceptance  of  the  Hodgkins  bequest  preclude 
any  general  allotment  of  the  accruing  interest  in  the  way  of  grants,  no 
request  for  an  appropriation  is  left  unconsidered,  and  any  application 
for  the  aid  of  a  promising  research  in  the  hands  of  an  investigator  who 
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is  able  to  comply  vith  the  strict,  tboagh  not  anreasotiable,  conditions 
wbicti  neoeBsarily  govern  the  ezpenditare  of  tliis  fiind,  is  sure  of 
serious  consideration. 


Among  tbe  applications  for  the  occupancy  of  the  Smithaonian  seat  at 
the  N'aples  table  during  the  years  1897-98,  the  following  have  been 
favorably  acted  upon : 

Dr.  Bradley  M.  Martin,  of  the  University  of  Chicago,  whose  work  bas 
been  chiefly  in  the  field  of  the  algte,  and  who  has  published  several 
papers  detailing  his  researches,  was  appointed  for  November,  1897,  his 
period  at  Naples  to  be  supplemented  by  additional  investigation  in  the 
laboratory  of  Dr.  Strasburger,  of  the  Univerfiity  at  Bonn. 

Dr.  H.  W.  Conn,  of  tbe  department  of  biology,  Wesleyan  tJniTersity, 
received  tbe  appointment  for  six  weeks  early  in  the  year  1898,  Dr. 
Dobrn,  the  superintendent  of  the  station,  kindly  arranging  for  hie 
accommodation,  although  the  Smithsonian  table  was  occupied  at  that 
time.  The  fact  that  Dr.  Dohru  finds  himself  not  only  willing,  but  able, 
to  provide  for  two  or,  as  in  this  case,  even  three  students  at  the  Smith- 
sonian table  during  the  same  period,  is  a  courtesy  mncb  appreciated  by 
the  Institution. 

Dr.  D.  M.  Mottier,  of  the  State  University  of  Indiana,  who  wished  to 
supplement  his  investigations  at  Bonn  and  Leipzig  by  some  weeks  at 
Naples,  was  appointed  for  the  months  of  March  and  April,  1898. 

Dr.  W.  T.  Swingle,  of  the  United  States  Department  of  Agriculture, 
now  honorary  custodian  of  algte  in  the  United  States  National  Museum, 
occupied  the  Smithsonian  seat  at  Naples  for  an  additional  month  dur- 
ing the  spring  of  1898. 

Dr.  J.  H.  Geronld,  of  Dartmouth  College,  who  prosecuted  his  inves- 
tigations in  the  laboratory  of  Professor  De  Lacaze-Duthiers,  at  Boscofi*, 
Finisterre,  France,  during  the  summer,  was  appointed  to  the  Smith- 
sonian table  at  Naples  for  the  month  of  November,  1898. 

Altboagh  applications  for  the  privilegeof  the  table  areoften  received 
far  in  advance  of  the  period  for  which  occupancy  is  desired,  in  order 
that  all  investigators  may  be  given  an  equal  opportunity  to  secure 
appointment,  no  application  is  considered  more  than  six  months  in 
advance  of  the  date  for  which  the  seat  is  desired,  and  no  appointment 
is  made  for  a  longer  period  than  sis  mouths.  An  occnpant  is  not,  how- 
ever, debarred  fi^m  applying  for  an  extension  of  time  or  for  future 
reappointment. 

It  may  be  repeated  here  that  with  a  formal  application  for  appoint- 
ment, made  to  the  Secretary  of  the  Smithsonian  Institution,  tbe  can- 
didate should  submit  such  credentials  as  he  may  desire  to  have  on 
record,  among  which  should  be  an  outline  of  his  scientific  history  and  a 
list  of  his  published  memoirs.  Investigators  are  expected  to  make  a 
report  to  the  Institution  at  the  end  of  their  term  at  the  table,  or  at  the 
end  of  three  months,  in  case  of  a  six  moni-ha'  nocnpaucy, 

Google 
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Daring  the  past  year  a  Tacaooy  in  the  advisory  committee  of  the 
Naples  table  vas  caased  by  the  death  of  Dr.  Harrison  Alien,  who  rep- 
resented the  Association  of  American  Anatomists.  Dr.  Theodore  Gill, 
of  Washington,  has  been  appointed  to  fill  the  vacancy,  Dr.  G.  S. 
Hniitingtou,  of  New  York,  to  be  held  as  alteroate.  During  the  absence 
in  Europe  of  Dr.  C.  W.  Stilea,  tbe  duties  of  Secretary  of  the  Commit- 
tee have  been  performed  by  Dr.  Albert  Hassall,  of  tbe  Department  of 
Agricultnre, 

The  Secretary  is  under  continued  obligation  to  the  committee  fur 
valuable  aid  in  the  work  of  examining  testimonials  and  recommending 
action  with  regard  to  applications  for  the  table. 

BXPLOBATION8. 

In  the  plan  of  organization  of  the  Institution,  among  examples  of 
objects  for  which  appropriations  may  be  made,  are  cited: 

Explorations  in  descriptive  natural  history  and  geological,  magnet- 
ical,  and  topographical  surveys  to  collect  materials  for  the  formation  of 
a  physical  atlas  of  the  Uuited  States. 

Ethnological  researches,  particularly  with  reference  to  the  different 
races  of  men  in  North  America;  also  explorations  and  accnrate  surveys 
of  tbe  mounds  and  other  remains  of  tbe  ancient  people  of  onr  country.' 

Tbe  first  grant  made  by  the  Institution  for  scientific  exploration  and 
field  research  was  in  1848  to  Spencer  F.  Baird,  of  Carlisle,  for  the 
exploration  of  the  bone  caves  and  the  local  natural  history  of  south- 
eastern  Pennsylvania;  and  during  the  half  century  that  has  elapsed 
since  tbe  grant  to  that  eminent  man,  who  afterwards  became  the  Sec- 
retary of  the  Institution,  every  possible  enconragement  and  support 
has  been  given  to  uatnral  history  and  ethnological  explorations  in 
America  and  tbroaghont  tbe  world.  The  income  of  the  Institution  has 
not  permitted  tbe  expenditure  of  large  sums  for  this  purpose,  but  valu- 
able advice  and  instrnctions  have  been  freely  given  to  explorers  con- 
nected with  Government  and  private  expeditions,  and  agents  of  the 
Institution  have  in  very  .many  cases  participated  in  these  explorations. 
In  recent  years  a  vast  amount  of  such  work  has  been  carried  on  by  the 
bureaus  under  direction  of  the  Institution,  a  work  made  possible  by 
Congressional  appropriations  for  this  purpose. 

As  soon  as  there  seemed  a  possibility  of  acquiring  new  territories  as 
a  result  of  the  present  Spanish- American  war  I  began  formulating  plans 
for  exploring  the  possible  new  regions,  and  in  my  next  estimates  to  be 
sent  to  Congress  I  expect  to  ask  definitely  for  appropriations  under 
which  exploring  parties  may  be  sent  to  them. 

It  is  btvdly  necessary  to  recall  tbe  lasting  impression  that  the  French 
Qovemmeut  made  throngh  the  researches  of  the  corps  of  savants  sent 
along  with  tbe  expedition  to  Egypt.  It  would  seem  incumbent  upon  this 
Government,  not  only  for  practical  economic  purposes,  bnt  as  a  oontri- 

iSmithaooiftu  Beport,  1846,  pp.  6,  7.  -.  , 
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bntioii  to  the  general  intelligeDce  of  mankind,  to  institnte  scientaflo 
inqairy  as  to  tbe  natoral  history,  geology,  geography,  ethnology,  arche- 
ology, and  Bcientiflc  utilities  of  any  new  possessions  it  may  acquire. 
These  inquiriea  should  be  made  coherently  and  without  dashing  on  the 
part  of  the  varions  Government  interests  involved. 

Daring  the  present  year  investigations  among  the  American  Indians 
have  been  condncted  by  the  Borean  of  Ethnology,  and  several  collabo- 
rators of  the  Institution  have  made  natural-history  explorations,  the 
detiuls  of  which  are  given  in  the  paragraphs  devoted  to  the  National 
Unsenm. 

FDBI.IOA.TtOI[8. 

Secretary  Henry  said  "  It  is  cbiedy  by  the  pablications  of  the  Instita- 
tion  that  its  fame  is  to  be  spread  throngh  the  world,  and  the  monnment 
most  befitting  tbe  name  of  Smithson  erected  to  his  memory."  From 
tbe  beginning  of  the  Institution  a  considerable  portion  of  its  annaal  in- 
come has  been  expended  in  publishing  the  Smithsoniui  Oontribntions 
to  Knowledge  and  the  Smithsonian  Miscellaneous  OoUeotions.  Through 
these  series,  supplemented  by  the  Annual  Reports  printed  at  the  direct 
expense  of  the  Government,  and  the  publications  of  the  National 
Mnsenm,  the  Bureau  of  Erhnology,  and  the  American  Historical  Asso- 
ciation, issued  under  the  direction  of  the  Institution,  nearly  all  branches 
of  human  knowledge  are  represented  in  the  works  published  during  the 
last  fifty  years,  which  form  a  library  of  nearly  250  volumes,  beside  sev- 
eral hundred  pamphlet  reprints  of  the  memoirs  aad  articles  contained 
in  the  serial  volumes. 

Contributions  to  Knowledge. — One  new  memoir  of  this  series  was  pab- 
lished  during  the  year,  the  result  of  investigations  by  Drs.  Lummer 
and  Pringsbeim,  of  Charlottenburg,  Germany,  on  the  ratio  of  the 
specific  beats  at  constant  pressure  and  at  constant  volume  of  air, 
oxygen,  carbon  dioxide,  and  hydrogen.  This  research  was  aided  by  a 
grant  f^m  the  Hodgkins  ftand  of  the  Smithsonian  Institution.  After 
a  period  of  notable  advance  the  kinetic  theory  of  gases  seems  to  have 
ibllen  into  temporary  abeyance,  possibly  itom  a  fandamentally  imper- 
fect nnderstanding  of  their  behavior.  Progress  in  tbe  knowledge  of 
this  fundamental  natnre  of  gases  may  reasonably  be  looked  for  from 
interpretative  researches  on  their  thermal  capacity,  and  this  paper  may 
be  considered  as  a  step  in  this  direction.  Aside  from  it«  exceptional 
importance  in  thermodynamics,  the  heat  ratio  is  of  interest  as  affording 
a  clue  to  the  character  of  the  molecule,  and  Drs.  Lummer  and  Prings- 
beim, using  a  new  method,  appear  to  have  for  the  first  time  reached 
coincident  results  on  the  incoercible  gases  examined. 

Tbe  original  edition  of  the  Secretary's  memoir  on  The  Internal  Work 
of  tbe  Wind,  published  in  18d3,  having  become  exhausted,  some  addi- 
tional copies  have  been  printed  from  the  ilates,  in  which  a 
few  minor  changes  have  been  made. 
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The  Secretory  now  bas  in  preparatioii  for  tbis  series  a  review  of  his 
iDvestigatfoDB  in  aerodynamics,  and  in  particnlar  of  experiments  in 
developing  the  principles  and  methods  of  mechanioal  flight 

Migoeltaneoue  Collections. — In  this  series  five  works  have  been  pab- 
lished  since  my  last  report.  These  are  a  Catalogue  of  Scientific  and 
Technical  Periodicals,  hy  Dr.  H.  0.  Bolton;  Catalogue  of  Pacific  Coast 
Eartbqaakes,  by  Prof.  E.  8.  Holden;  Review  and  Bibliography  of 
Metallic  Carbides,  by  Prof.  J.  A,  Mathews;  Bibliography  of  Metals  of 
the  Platinum  Group,  by  Prof.  J.  L,  Howe,  and  a  report  by  Dr.  D.  H. 
Bergey  on  the  reeulte  of  experiments  to  determine  whether  impure 
atmosphere  produces  a  detrimental  influence  upon  the  animal  organism 
88  shown  in  greater  susceptibility  to  certain  diseases. 

There  have  been  also  reprinted  from  the  stereotype  plates  new  edi- 
tions of  the  Smithsonian  Meteorological,  Geographical,  and  Physical 
Tables.  A  Supplement  to  the  Bibliography  of  Chemistry,  by  Dr.  H.  G. 
Bolton,  containing  aboat  4,000  additional  titles,  is  in  band,  and  about 
half  of  the  volume  had  been  printed  at  the  close  of  the  year. 

iSmt^ontan  reports. — The  Annual  Reports  of  the  Institution  for  the 
year  1896  and  1897  had  not  been  issued  at  the  close  of  the  fiscal  year, 
althongb  the  volume  for  1896  was  in  the  Oovemment  bindery,  and  press- 
work  was  in  progress  on  the  report  for  1897,  their  completion  having 
been  delayed  by  the  imperative  need  of  supplying  documents  required 
by  Congress  for  the  military  departments  by  reason  of  the  Spanish- 
American  war. 

National  Musenm  publioationa. — In  addition  to  the  Museum  volnme  of 
the  Smithsonian  report,  two  series  of  publications  are  issued  directly 
by  the  Museum,  the  Proceedings  and  the  Bulletin.  Of  the  first  series 
Volume  XIX  was  completed  in  bonnd  form,  the  separate  papers  having 
previously  been  issued  as  pamphlets,  and  seventeen  |)aper8  comprising 
Yolnme  XX  were  distributed  in  pamphlet  form  during  the  year.  A 
pamphlet  oontaining  instructions  for  collecting  scale  insects  was  pub- 
lished as  Part  L  of  Bulletin  39,  and  a  circular  was  issued  relating  to 
the  collection  and  preservation  of  the  bones  and  t«eth  of  the  Mastodon 
and  Mammoth. 

Bureau  of  Ethnology  reports, — ^Tbe  seventeenth  report  of  the  Bureau 
of  Ethnology,  for  the  year  ending  June  30, 1896,  was  sent  to  the  Public 
Printer  on  July  6, 1S97,  and  proof  reading  was  completed  before  June 
30,  ISdS,  hot  actual  presswork  has  not  begun.  The  eighteenth  report  is 
also  in  the  printer's  hands,  bnt  no  progress  has  been  made  beyond  the 
revision  of  some  first  proofs. 

Asirophysical  Observatory  publieattons. — There  has  been  prepared  and 
is  now  ready  for  publication  a  full  report  on  the  results  of  the  researches 
carried  on  in  the  Astrophysical  Observatory  since  its  establishmeut  and 
this  work  will  probably  be  printed  in  quarto  form  during  the  next  fiscal 
year,  the  cost  of  the  publication  being  charged  to  the  appropriation  for 
the  Observatory  xmAex  antfaority  of  Congress. 
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Bi$torical  report*. — The  B«port  of  the  American  Historical  Aasocia- 
taoD  for  the  year  1896  has  lieeD  issned  in  tvo  volnmes,  the  firat  volnme 
containing  22  papers  on  varioas  historical  sabjecte,  the  second  volnme 
being  an  ezhanstive  essay  on  the  projioBed  amendments  of  the  Oonsti- 
tntioD  of  the  United  States  daring  the  first  century  of  its  existence  by 
Dr.  H.  V.  Ames. 

The  report  for  the  year  1897  was  sent  to  the  printer  early  in  Jnne. 
1898,  and  mnch  of  it  was  in  type  before  tbe  fiscal  year  ulosed.  It  con- 
tains 20  pai>er8  relating  to  American  history,  inclatling  some  of  timely 
interest  on  the  Cnban  question,  tbe  Siianish  policy  in  Mississippi  after 
the  treaty  of  San  Loren7x>,  and  an  exhaustive  bibliography  of  Alabama. 

These  reports  are  prepared  by  the  association  and  transmitted  to 
Congress  by  the  Secretary  of  the  Smithsonian  Institution,  in  accord- 
ance with  the  act  of  incorporation  of  the  association.  The  series  began 
with  the  report  for  1889,  bnt  until  1894  no  extra  copies  of  the  reports 
were  printed  for  tbe  nse  of  the  Institntion.  The  edition  is  so  small 
that  it  permits  of  distribution  only  to  the  most  important  American 
and  foreign  historical  societies  in  exchange  for  publications  of  like 
character. 

LIBBAR'r. 

The  namber  of  accessions  to  tbe  library  has  been  greater  than  at 
any  time  heretofore,  the  total  entries  of  volnmes,  parts  of  volnmes. 
pamphlets,  and  charts  reaching  40,716,  an  increase  of  nearly  6,000  over 
the  previous  year.  The  greater  part  of  this  has  been  sent  to  the 
Library  of  Congress  to  be  placed  with  the  Smithsonian  deposit. 

The  Museum  library  shows  a  greatly  increased  use  over  last  year. 
The  limited  quarters  assigned  for  library  purposes  in  tbe  Museum  are 
so  greatly  crowded  that  it  has  become  necessary  to  provide  additional 
book  room,  for  which  purpose  a  gallery  directiy  adjoining  tbe  library 
has  been  erected  and  fitted  with  shelves,  where  space  is  provided  for 
18,000  volnmes.  This  is  rendered  necessary  by  tbe  purchase  for  tbe 
Mnsenm,  by  Congressional  appropriation,  of  the  scientific  library  of 
the  late  Br.  G.  Brown  Qoode.  Tbe  Institution  is  especially  fortunate 
in  being  able  to  obtain  this  library  and  tbe  Museum  now  has  the  benefit 
of  possessing  the  collections  of  books  both  of  Professor  Baird  and  Dr. 
Goode. 

The  relations  between  the  Institution  and  tbe  Library  of  Congress 
have  been  friendly  and  intimate,  as  in  tbe  past.  Tbe  entire  library  faas 
been  transferred  to  the  new  building,  and  the  small  Bast  stack,  together 
with  the  large  room  adjoining  it  on  the  main  library  floor,  have  beeu 
assigned  for  tbe  use  of  tbe  Smithsonian  deposit.  Thns  far,  in  tbe  main, 
only  publications  of  learned  societies  bave  been  placed  in  this  stack, 
whose  supposed  capacity  is  about  175,000  volnmes  'n  that 

tbe  titles  of  tbe  Smithsonian  publications  number  ')60,- 

000,  but  it  has  not  been  known  until  lately  how  'ere 

represented.    Theolassitlcation,  whicb  is  now  goiu  ^  one 
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of  the  volumes  firom  the  condition  in  which  they  were  put  together, 
rather  than  assimilated  or  arranged,  in  the  old  crowded  qnarters,  has 
enablpd  an  approximats  estimate  to  be  made  on  this  point.  To  what 
extent  the  Institation's  collections  have  suffered  from  the  crowded  con- 
dition which  has  been  too  pnblicly  known,  that  I  should  have  any  hesi- 
tation in  thus  referrin^r  to  it,  can  not  be  definitely  stated.  It  is  believed 
that  abont  100,000  volames  or  their  equivalent  are  all  that  can  be  con- 
tributed to  this  stack. 

The  aecnmulstiona  of  the  Smithsonian  deposit  for  the  last  ten  years, 
which  had  been  unsorted  in  the  old  library,  have  been  brought  fairly 
under  control,  thoogh  much  remains  to  be  done  before  these  will  be  in 
a  satisfactory  condition.  The  present  wise  organisation  of  the  Library 
of  Congress  into  departments  has  yet  one  omission  to  which  I  feel 
compelled  to  call  attention  as  it  affects  the  interests  of  the  Institution. 
N^o  special  provision  was  made  for  the  care  of  the  Smithsonian  deposit. 
2fatura11y  enough  in  the  immense  labor  which  has  fallen  upon  the 
Library  of  Congress,  the  more  pressing  needs  of  the  other  departments 
have  been  first  considered,  but  I  have  tnll  confidence  that  this  will  soon 
be  fnlly  attended  to. 

The  never-ending  work  of  writing  for  exchanges  and  for  the  comple- 
tion of  incomplete  sets,  to  which  I  have  frequently  referred,  continues. 
The  time  will  come  when  all  resources  of  exchange  will  fail  and  when 
the  deflciencea  in  the  important  sets  can  only  be  provided  by  appropri- 
ation from  Congress.  While  I  have  had  this  matter  in  mind  for  several 
years,  I  have  been  reluctant  to  bring  it  up  for  discussion  at  all  until 
the  Library  of  Congress  was  in  condition  for  an  intelligent  treatment 
of  the  subject. 

It  will  be  seen  from  the  library  activities,  a  few  of  which  I  have 
enumerated,  that  in  spite  of  the  endeavor  made  by  Secretary  Henry 
to  relieve  the  Institution  of  all  expense  of  library  work  in  arraogiDg 
for  the  deposit  of  the  Smithsonian  library  at  the  Library  of  Congress, 
by  degrees  a  certain  amonnt  of  such  work  and  with  it  a  very  consid- 
erable attendant  expense  has  grown  up.  This  I  trust  will  always  be 
kept  at  a  minimum,  and  the  strength  of  the  Institution,  both  through 
its  library  work  and  exchange  service,  employed  for  the  increase  of  the 
Library  of  Congress  and  the  ISmithsonian  deposit  at  that  Library.  It  is 
nevertheless  quite  plain  that  no  scientific  establishment  can  exist  and 
perform  its  fhnctions  without  at  least  a  considerable  working  library. 

OOBBBSPONDENOE. 

The  present  system  of  recording  correspondence,  which  was  fully 
described  in  my  report  for  1890,  has  proved  of  great  convenience  in 
handling  the  constantly  increasing  number  of  letters  received  from 
correspondents  in  all  parts  of  the  world.  Numerous  letters  continue 
1  be  received  seeking  information  on  scientific  and  technical  qnestions 
well  as  on  political,  economic,  liistorical,  and  other  matters,  and, 
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while  it  has  always  heen  the  policy  of  the  Institation  to  give  coarteoas 
attention  to  all  such  inqairies,  it  has  become  impoasible  to  reply  in 
detail  to  many  of  them ;  the  writers,  however,  are  referred  to  soarcas  of 
information.  The  Institution  has,  unfortunately,  perhaps,  come  to  be 
considered  a  bareaa  of  general  as  well  as  of  scientific  linowledge. 

The  following  rule  govemiug  correspondence,  adopted  by  the  Begenta 
in  1855,  is  still  in  force. 

Resolved,  That  iill  correspondence  of  this  Institution  with  any  person 
or  society  ^ball  be  conducted  by  the  Secretary,  and  no  assistant  or 
employee  shall  write  or  receive  any  ofiBcial  letter  or  commanioatiou 
pertaining  to  the  aftairs  of  the  Institution  except  under  the  authority 
and  by  the  direction  of  the  Secretary;  aud  all  such  correspondence 
shall  he  duly  registered  and  recorded  in  such  maimer  as  the  Secretary 
shall  direct. 

As  interpreted,  this  resolution  is  entirely  consistent  with  the  free 
activities  of  the  Institution  aud  its  bureaus  in  correspondence,  the 
requisite  authority  being  always  understood  to  be  given  and  exercised 
by  the  person  to  whom  the  Secretary  delegates  it  in  each  instance. 

INTEBNATIONAIi  OOKOBESSES. 

The  Eleventh  International  Congress  of  Orientalists  was  held  at 
Paris  from  September  d  to  September  12, 1897.  There  were  thirty-four 
members  registered  from  the  United  States,  several  of  whom  were 
present  and  took  an  active  part  in  the  proceedings.  Dr.  Paul  Haupt, 
honorary  curator  of  the  division  of  historic  arcbfeology  in  Ulc  TTaited 
States  N^ational  Museum  and  professor  of  the  Semitic  languages  in  the 
Johns  Hopkins  University,  Baltimore,  represented  the  Smithsonian 
Institution.  There  were  also  delegates  from  the  American  Oriental 
Society,  the  American  Philosophical  Society,  the  University  Axolueo- 
logical  Association  of  Philadelphia,  etc. 

The  Congress  was  organized  in  seven  sections:  I,  Aryan;  II,  The 
far  East  (iuclndiug  China,  Japan,  Indo-China,  the  Indian  Archipelago, 
etc);  III,  Mohammedan;  IV,  Semitic;  V,  Egypt  and  Africa;  YI, 
Archaic  Greece  and  the  Orient;  VII,  Ethnography  and  Folklore. 
Several  of  these  sections  were  divided  into  two  or  three  subsections. 

Professor  Erman,  of  Berlin,  submitted  the  plan  for  a  comprehensive 
Thetaurug  Verbarum  Aegyptiaoorum,  which  is  to  be  pnblished  under  the 
anspices  of  the  royal  academies  of  Berlin,  Oottingen,  Leipzig,  and 
Munich;  it  will  contain  all  the  words  found  in  hieroglyphic  and  hier- 
atic texts.  The  card  catalogue  for  the  work  will  be  finished  in  1904, 
and  the  final  redaction  in  1908,  while  the  printed  edition  will  be  com- 
plet«d  in  1913.  The  assistance  of  Egyptologists  all  over  the  world  is 
solicited  for  this  gigantic  undertaking. 

Professor  Goldziher,  of  Budapest,  presented  a  report  on  the  ~ 
Mohammedan  Encyclopedia  which  is  to  be  published  i; 
rial  direction,  and  Professor  Haupt  announced  a  oomplc 
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of  Afisyriology  up  to  1900,  wbich  is  being  prepared  by  Dr.  Cyras 
Adier,  of  the  SmithaoniaD  Institution. 

The  Secretary  was  in  Jaly,  1S97,  appointed  delegate  of  tlie  United 
States  to  the  Seventh  International  Geological  Congress,  at  St.  Feters- 
barg,  Kussia,  daring  the  first  week  of  September.  Other  delegates 
from  this  country  were  Prof.  George  P.  Merrill,  of  the  National 
Mnseam,  Bollin  D.  Salisbury,  of  Kew  Jersey,  and  Charles  B,.  Keys,  of 
MisBouri,  these  names  being  annoanced  by  the  Institution  to  the 
Secretary  of  State,  by  whom  the  appointments  were  directly  certified. 

The  special  subjects  ander  consideration  related  to  stratigraphic  and 
petrographic  classification  and  nomenclature  and  the  rules  regarding 
the  introduction  of  new  terms  into  stratigraphic  nomenclature.  The 
congress  will  always  remain  memorable  on  accoaut  of  the  number  and 
extent  of  the  excursions  offered  the  visiting  geologists  and  the  hospi- 
tality with  which  they  were  everywhere  greeted.  The  excursions 
before  the  congress  were:  (1)  to  the  Urals  and  Western  Siberia;  (2)  to 
Esthonia,  and  (3)  to  Finland,  and,  after  the  congress,  t«  the  Caucasus 
by  any  one  of  three  routes;  thence  to  Tifiis,  Baku,  and  Batoum,  with 
side  trips  to  Ararat,  MonntBlbrons,  the  Crimea,  and  other  lessimportant 
points.  The  registration  for  the  congress  was  nnusaally  large,  num- 
bering some  850  signatures,  of  whom  upward  of  600  were  actually  in 
attendance  either  at  the  meeting  in  St.  Petersburg  or  on  some  of  the 
excursions.    The  next  congress  is  to  be  held  in  Paris  in  1900. 

The  Secretary  presented  to  the  Department  of  State  the  names  of 
Dr.  C.  W.  Stiles  and  Prof.  E.  L.  Mark,  and  they  were  appointed  dele- 
gates to  the  Congress  of  Zoology  to  be  held  at  Cambridge,  England. 

The  Secretary  and  Dr.  Cyras  Adlerwere  in  Jane,  1808,  ap]>ointed  as 
delegates  of  the  United  States  to  a  conference  to  be  held  in  England 
for  further  consideration  of  an  international  catalogue  of  scientific  lit- 
eratnre  mentioned  in  the  last  report. 

EXPOSITIONS. 

In  my  report  for  1897 1  made  a  brief  reference  to  the  participation  of 
the  Smithsonian  Institution  and  its  dependencies  in  the  Tennessee 
Centennial  Exposition,  which  was  opened  ou  May  1, 1897.  A  descrip- 
tion of  the  exhibits  prepared  for  that  occasion  under  the  direction  of 
the  Institution  will  be  published  in  the  Museum  volame  of  this  report. 

By  direction  of  Congress  the  Smithsonian  Institution  and  its  various 
l)ureaQs  have  prepared  exhibits  for  the  Trans  Mississippi  and  Interna- 
tional Exposition  at  Omaha,  which  opened  on  June  1, 1898.  The  Sam 
of  $19,491.71  was  allotted  to  the  Institution  oat  of  a  general  appropria- 
tion of  $137,500  for  the  special  exhibits  of  all  the  Executive  Depart* 
ments  of  the  Government.  A  fiirther  allusion  to  this  exposition  will 
be  found  in  the  Appendix,  and  a  full  statement  will  be  published  in 
the  report  for  1899. 
SM  98 2 
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The  OoTennnent  of  Norway  invited  tbiB  GoveromeDt  to  parttcipato 
inaa  internatioDal  fisheries  expositioii,  to  be  held  at  the  city  of  Bergen, 
Korwoy,  from  May  to  September,  1898,  and  a  resolntioD  accepting  this 
invitation  and  anthoriztng  the  Commissioner  of  Fish  and  Fisheries  to 
arrange  for  a  suitable  exhibit  was  introdaoed  into  Congrees.  This  reso- 
lation  contained  a  phrase  which  anthorized  the  Commissioner  to  employ 
the  collections  of  the  National  Musenm,  at  hia  discretion,  for  the  par- 
poses  of  this  exhibit,  and  while  the  Institution  has  always  been  willing 
to  aid  any  intemational  exposition,  a  precedent  might  have  been  estab- 
lished which  woald  aerionsly  embarrass  the  Mosenm  and  lead  to  the 
temporary  dismemberment  of  its  collections.  I  accordingly  took  steps 
to  have  the  wording  of  the  bill  so  changed  that  the  Commissioner  of 
Fish  and  Fisheries  might,  "  with  the  consent  of  the  Secretary  of  the 
Smithsonian  Institution,  use  any  portion  of  the  fisheries  collection  ia 
the  National  Moseam  at  said  exposition,"  and  this  was  readily  agreed 
to  by  Congress,  and  enabled  the  lustitntion  to  be  of  service  to  the  Fish 
Commission  in  making  a  proper  exhibit  without  establishing  a  preredeot 
dangerous  to  the  Institution, 

AUEBICAN  HI8TDB1CAL  ASSOCIATION. 

Under  the  act  of  incorporation  of  the  American  Historical  Associa- 
tion, approved  January  4, 1889,  the  association  reports  annually  to  the 
Secretary  of  the  Smithsonian  Institution  concerning  its  proceedings 
i*nd  the  condition  of  historical  study  in  America,  and  the  Secretary  is 
directed  to  "communicate  to  Congress  the  whole  of  such  reports,  or 
snch  portions  thereof  as  he  shall  see  fit."  Nine  volumes  of  these 
reports  have  so  far  been  printed,  and  the  report  for  the  year  1897  is  now 
in  press.  The  reports  f^om  1S89  to  1893  were  not  at  the  disposal  of 
the  Institution,  but  beginning  with  the  1894  report  a  small  edition  has 
been  available,  which  is  distributed  to  State  historical  societies  and 
some  foreign  institutions,  the  publications  received  in  return  being 
placed  with  the  Smithsonian  deposit  at  the  Library  of  Congress, 

HISCELLAKBOnS. 

Documentary  history  of  the  Institution. — In  1879  there  was  published 
a  history  of  the  origin  and  progress  of  the  Smithsonian  Institution 
f^m  its  establishment  to  the  year  1877,  including  a  full  account  of 
legislative  proceedings  from  the  Twenty-fourth  to  the  Forty- foarth  Con- 
gress wherein  the  Institution  itself  or  any  of  its  bureaus  were  con- 
cerned. There  has  now  been  prepared  a  similar  history  of  the  period 
from  1876  to  1896,  which  it  is  proposed  to  publish  shortly. 

QiJU  and  bequests.— Amoag  the  collections  received  by  the  Instiba- 
tion  during  the  year  and  deposited  in  the  National  Museum  may  be 
mentioned  a  very  interesting  series  of  carbides  and  bori**"-  '  jd 

by  M.  Henri  Moissan,  the  products  of  bis  investigatio 
trie  ftirnace,  and  a  large  collection  of  arcbteological  o' 
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to  the  District  of  Colambia,  bequeathed  to  the  Institntion  by  the  late 
Mr.  W.  Hallett  PhiUips. 

An  aDcieot  brooze  ewer  was  received  as  a  gift  from  Chang  Teu  Hoon, 
special  ambassador  from  China  to  the  United  States. 

Stereotype  plates. — Id  tbe  basement  of  the  Institution  building  are 
stored  the  stereotype  plates  of  most  of  the  SmithBOuiaii  publications. 
These  plates  and  engravei-s'  blocks  of  illustrations  are  cheerfully  placed 
at  tbe  disposal  of  publishers  for  supplementiug  or  illustrating  scientifio 
vorks  privately  issued.  The  series  of  Miscellaneous  Collections  and 
Contributions  to  Knowledge  are  no  longer  stereotyped,  but  the  regular 
edition  has  been  increased,  and  in  tbe  case  of  works  that  are  likely  to 
be  in  more  than  ordinary  demand  extra  copies  are  printed. 

Smitkson  tablet. — A  duplicate  of  tbe  Smithson  tablet  was  sent  to 
Pembroke  College,  Oxford,  the  college  from  which  Smithsou  was  grad- 
uated. Tbe  two  tablets  sent  to  Genoa  have  been  set  in  positiou,  one 
of  them  at  Smitbson's  tomb  and  the  other  in  the  English  Church. 
During  the  last  few  years  I  have  succeeded  in  getting  some  new  infor- 
mation concerning  the  personal  history  of  Mr.  Smithson,  and  I  have 
recently  secured  for  the  archives  of  the  Institution  a  photographic 
copy  of  his  will. 

Tropical  botanical  laboratory. — The  botanists  of  the  United  States  in 
1807  determined  to  establish  a  botanical  laboratory  in  the  American 
tropics,  and  a  commission  having  been  appointed  to  select  a  suitabie 
site,  the  Institution  extended  all  possible  courtesies  to  tlie  commission 
by  presenting  the  plans  of  the  project  to  the  Department  of  State, 
through  which  necessary  international  arrangements  were  made  to 
insure  proper  reception  of  tbe  commission  by  the  Governtneots  of 
Mexico,  Central  America,  and  tbe  West  Indies.  The  commission  con- 
sisted of  Prof.  Douglas  Campbell,  of  Leland  Stanford  University; 
Prof.  J.  M.  Coulton,  of  the  University  of  Chicago;  Prot  W.  G.  Farlow, 
of  Harvard  University,  and  Prof.  D.  T.  MacDougall,  of  the  UniTersity 
of  Minnesota. 

NATIOKAL  MUSEUM. 

The  temporary  appointment  of  Mr.  CbarleS"  D.  Walcott  as  acting 
assistant  secretary  of  the  Smithsonian  Institution  in  charge  of  the 
^National  Museum,  following  tbe  death  of  Dr.  Goode,  was  ratified  by 
the  Board  of  Regents  on  January  27, 1897.  Mr.  Walcott  has  continned 
to  act  in  this  capacity  through  tbe  fiscal  year  covered  by  this  report, 
and  I  take  special  pleasure  in  repeating  my  acknowledgment  of  the 
value  and  efficiency  of  the  services  rendered  by  him.  With  a  corre- 
sponding regret  I  am  obliged  to  announce  that,  owing  to  his  exacting 
duties  as  director  of  the  United  States  Geological  Survey,  he  has  found 
it  necessary  to  terminate  bis  official  charge  of  the  Museum  with  the 
close  of  the  fiscal  year  1897-98,  thus  closing  a  relationship  equally 
satisfactory  on  its  official  and  on  its  personal  side.    The  Museum 
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will  contiDne  to  have  the  benefit  of  bis  associatiou  witli  it  48  honoruy 
curator  of  tlie  division  of  stratigraphic  paleontology. 

Tbe  Begeuts  are  aware  that  the  Secretary,  with  Mr.  Walcott^s  aid, 
arranged  a  modification  in  the  admiuistration  of  the  Mnaeam,  intended 
to  make  it  less  dependent  on  the  Secretary's  immediate  oversight  of 
details.  This  consisted  in  gathering  tbe  difTerent  departments  auder 
'  three  beads  and  placing  three  scientific  men,  vho  were  believed  to  have 
shown  a  capacity  as  administrative  officers,  in  their  charge  as  bead 
cnrators.  The  arrangement  has  worked  well,  bat  it  should  be  given  a 
longer  trial  before  dedding  that  it  is  a  suitable  plan  for  the  permanent 
administration  of  the  Museum. 

Under  the  present  method  the  Secretary  will  not  he  required  to  give 
so  much  of  his  time  to  details  of  Mnseum  administration  as  wonld 
have  been  demanded  under  the  old  system  in  tbe  absence  of  a  single 
bead,  and  this  result  Ue  is  largely  able  to  accomplish  through  the  aid 
of  the  Assistant  Secretary,  who,  without  being  designated  to  the  exclu- 
sive charge  of  the  Museum,  will  make  its  oversight  a  portion  of  his 
duties,  in  which  he  will  be  assisted  by  the  head  curators. 

For  tbe  pieservatiou  and  increase  of  tbe  collections  Oongress  appro- 
priated $160,000  for  tbe  fiscal  year  now  ended.  From  this  appropria- 
Uou  are  paid  all  expenses  incident  to  tbe  preservation,  exhibition,  and 
increase  of  the  collections,  except  snch  as  are  referred  to  below.  It 
covers  tbe  compensation  of  the  scientific  and  clerical  staff,  and  of  the 
preparators,  watobmen,  and  laborers;  tbe  cost  of  supplies  required  in 
the  conduct  of  the  Museum,  such  as  preservatives,  stationery,  aud 
other  incidentals;  tbe  cost  of  transportation,  tbe  acquisition  of  speci- 
mens, etc. 

This  sum  still  left  me  unable  to  provide  for  additional  permanent 
curators  for  the  care  of  collections  now  withont  adequate  supervision, 
and,  for  what  is  eveu  a  more  urgent  necessity,  tbe  means  to  pay  for 
proper  administrative  aid  in  carrying  on  tbe  Museum's  work.  Most  of 
the  scientific  assistants  are  reqnired  to  give  mnch  of  their  time  to  tbe 
performance  of  administrative  duties  in  connection  with  the  collections. 
A  lai^e  number  of  divisions,  moreover,  are  dependent  for  tbeir  adminis- 
tration entirely  upon  honorary  officers,  whose  services  have  in  the  past 
been  cheerfully  rendered;  yet  tbe  fact  that  tbeir  primary  obligations 
are  to  other  departments  or  bureaus  of  the  Oovernmerit  has  made  it 
impossible  for  them  to  give  such  attention  to  their  work  iu  the  Mnseom 
as  the  interest  of  the  service  really  demanded,  and  has  also  prevented 
tbe  secretary  from  calling  upon  them  in  such  a  way  as  be  might  were 
they  paid  officers  of  tbe  Maseam.  Thus,  while  most  fally  recognizing 
the  value  of  the  services  which  these  gentlemen  have  rendered,  aud  the 
generous  spirit  iu  which  they  have  been  given,  it  yet  does  not  seem 
possible  to  permanently  administer  so  large  an  interest  with  the  assist- 
ance of  persons  whose  time  can  not  be  controUed  by  the  chief  officer 
in  charge. 
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I  repeat,  to  make  my  meaning qnite  clear,  that  the  most  urgent  need 
of  the  Mnsenm  is  the  provision  of  an  adequate  fand  for  the  admiois 
trative  work,  both  in  the  handling  of  affairs  and  in  the  arranging  of 
coUectiona. 

The  appropriation  for  cases  and  other  flxtnres  was  $30,000  and  for 
heating  and  lighting  the  Musenm  bnilding  $14,000.  The  pnrobase  of 
books  reqaired  for  the  t«cbnical  library  and  the  use  of  visitors  in  the 
exhibition  halls,  vhicb  has  np  to  the  present  time  been  made  from  the 
appropriation  for  the  preservation  of  collections,  will  hereafter  be  pro- 
vided for  specifically  by  a  separate  item,  nnder  which  Congress  has 
allotted  the  sum  of  $2,000  for  the  ensuing  year. 

The  sum  of  $4,000  was  allowed  for  repairs  to  bnildings,  shops,  and 
sheds,  and  an  item  of  $2,500  for  the  removal  and  rebuilding  of  the  two 
sheds  adjacent  to  the  south  side  of  the  Smithsonian  bnilding.  The 
latter,  which  have  been  a  source  of  menace  to  tbe  main  building,  were 
twu  down  and  reconstruotod  in  other  and  more  suitable  locations. 

The  Mnseura  bnilding  not  being  provided  with  a  basement,  it  has 
been  necessary  to  rent  temporary  quarters  elsewhere  for  workshops  and 
for  the  storage  of  surplus  specimens,  and  the  furniture  used  for  exposi- 
tion parposeo.  These  stmctnres  are  not  fireproof,  and  in  the  interest 
of  the  safety  of  the  Oovemment  property  I  therefore  Included  in  my 
estimates  for  1898-99  an  item  of  $50,000  for  the  itonstrnction  of  a  suit- 
able bnilding,  50  feet  by  150  feet,  and  provided  with  a  basement,  which 
should  take  the  place  of  the  various  buildings  and  sheds  already  alluded 
to.  I  suggested  a  site  between  tbe  National  Museum  and  the  Army 
Medical  Museum  bnildings.  I  regret  to  say  that  this  item  was  not 
allowed,  but  in  place  thereof  the  amonnt  appropriated  for  renting  pur- 
poses was  increased  fn)m  $2,000  (allowed  for  1897-98)  to  $4,500  for  the 
year  1898-99.  This  will  enable  me  to  secure  additional  quarters  for 
immediate  needs. 

In  1897  and  again  in  1898  Gongress  appropriated  $8,000  for  erecting 
galleries  in  the  Museum  bnilding.  This  amonnt  was  sufficient  for  the 
erection  of  seven  galleries.  An  additional  allowance  of  $10,000  baa 
also  been  granted  by  Gongress  for  furnishing  railings,  painting  the 
galleries,  connecting  them  with  those  in  a^oining  hall,  placing  a  sky- 
light in  each  court,  and  providing  a  ventilator  in  one  of  the  ranges. 

I  am  pleased  to  report  that  the  full  amount  asked  for  printing  and 
binding  ($17,000)  has  been  allotted,  which  will  enable  me  to  push  for- 
ward the  publication  of  several  important  manuscripts,  the  printing  of 
which  has  long  been  withheld  for  lack  of  fhnds. 

Tbe  expenditure  of  a  sum  not  exceeding  $5,.W0  fh>m  the  "Preserva- 
tion of  collections"  appropriation  was  authorized  for  the  preparation 
of  drawings  for  the  illustration  of  Mnsenm  publications. 

For  the  purchase  of  tbe  private  library  of  the  late  Dr.  Goode  the  snm 
of  $5,000  was  appropriated  by  Congress.  This  library  is  a  very  valu- 
able one^  formed  wit^  rare  discrimioatiou  and  intelligence,   and  CjDm- 
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prising  the  best  treatises,  chiefly  on  natural  history  and  methodB  of 
museam  administration.  It  comprises  2,900  volnmes,  18,000  pamphlets, 
and  1,800  portraits,  autographs,  and  engraviugo. 

The  total  uamber  of  lots  of  specimens  received  daring  the  year  was 
1,441,  some  of  these  containing  several  hundred  each.  These  acces- 
sions iuclude  more  than  450,000  objects,  and  I  would  call  special  atten- 
tion to  this  extraordinary  increase,  perhaps  the  largest  during  the  last 
fifteen  years.  This  fact  seems  to  establish  iu  a  marked  degree  the 
Xiopularity  of  the  Mnoeum  and  the  general  desire  on  the  part  of  the 
public  to  aid  in  building  up  its  collections.  The  conditions  existing 
during  tiie  year  hare  been  pecoliarly  unfavorable  for  making  special 
eftbrt  to  increase  the  collections,  and  this  large  addition  to  them  must 
be  regarded  as  the  result  of  a  very  earnest  desire  of  persons  interested 
in  the  Museum  to  assist  iu  promoting  its  objects.  The  number  of  speci- 
mens now  recorded  iu  all  the  departments  of  the  Museum  is  consider- 
ably more  than  four  millions. 

The  Museum  has  continued  its  practice  of  carrying  on  exchanges  of 
specimens  with  museums  and  individuals  in  foreign  countries.  Among 
the  most  important  ones  Initiated  or  completed  during  the  year  1898 
may  be  mentioned  those  with  the  Imperial  Royal  Natural  History 
Museum,  of  Vienna;  the  Paleontological  Museum  of  the  Boyal  Acad- 
emy, Munich,  Bavaria;  the  Katural  History  Society  of  Kew  Brunswick, 
St.  John;  the  Branicki  Museum,  Warsaw,  Russia;  the  Zoological 
Museum  of  the  Imperial  Academy  of  Sciences,  St.  Petersburg;  the 
Boyal  Museam  of  Natural  History,  Stockholm,  Swedeu,  and  the 
Museam  of  Natural  History,  Geneva,  Switzerland. 

A  more  detailed  reference  tu  these  transactions  may  be  found  in  the 
Api>endix. 

BUREAU  OF  AMERICAN  ETHNOLOGY. 

Researches  relating  to  the  American  Indians,  conducted  under  the 
Smithsonian  Institution  in  accordance  with  the  act  of  Congress,  have 
been  continued  by  Maj.  J.  W.  Powell,  the  Director  of  the  Bureau, 
assisted  by  Mr.  W  J  McGee,  Mr.  F.  W.  Hodge,  and  other  scientific  col- 
laborators, whose  respective  services  will  be  found  more  Itally  detailed  in 
the  director's  report.  The  field  operations  have  been  extended  into  a 
large  number  of  States  and  Territories;  and  also  incidentally  into  dis- 
tricts of  neighboring  countries  occupied  by  tribes  affiliated  with  the 
aborigines  of  the  region  now  comprised  in  the  United  States.  In  the 
office  studies  have  been  carried  on  of  the  field  material,  with  a  view  to 
defining  those  characteristics  of  primitive  culture  aSecting  relations 
among  the  tribea 

The  work  of  exploration  has  been  conducted  in  several  parts  of  the 
United  States.  An  examination  was  made  into  the  shell  mounds  on  the 
coast  of  Maine,  resulting,  iu  the  opinion  of  the  director,  in  the  identi- 
fication of  the  Mound  Builders  with  the  tribes  found  on  that  coast  at 
the  settlement  of  the  country.  From  excavations  in  Mexico  and  Arizona 
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a  large  collectioa  of  interesting  objects  were  obtained  and  mach  aioliEe- 
ological  and  ethnological  data  acqnired.  The  diffluult  ascent  of  the 
Bnmmit  of  the  Mess  Encautada,  near  Acoma,  was  accomplished,  and 
from  relics  found  there  the  essential  features  of  the  Acoma  tradition 
have  been  sabstantiated.  Explorations  were  also  extended  across  the 
frontier  into  Mexico,  resulting  in  the  acquirement  of  information  tending 
to  throw  mach  light  on  the  little-known  cnstoms  of  the  border  tribea 
The  objects  collected  during  these  various  explorations  have  beeu 
placed  in  the  Natioual  Maaeam  and  the  new  information  acquired  has 
been  added  to  the  archives  of  the  Bureau  and  incorporated  in  memoirs 
now  in  preparation  or  completed  for  pablicatiou. 

The  study  and  arrangement  of  the  collections  of  aboriginal  handi- 
work obtained  in  Florida  has  been  continued  and  progress  made  in  the 
preparation  of  a  report  on  the  prehistoric  key  dwellers  on  the  eastern 
shore  of  the  Gulf  of  Mexico. 

The  study  of  decorations  and  researches  into  their  symbolic  uses 
have  been  continaed. 

Interesting  observations  ou  the  development  of  institutions  among 
the  Papago  and  other  American  tribes  and  satisfactory  progress  iu 
the  researches  in  linguistics,  particuhirly  iu  the  preparation  of  a  com- 
parative vocabulary  of  Algouquian  dialects,  as  well  as  in  studies  of 
the  Iroqnoiau  languages,  the  dialects  of  the  Mescolero  and  Jicarilla 
Apaches,  and  of  the  Cherokee  myths,  have  been  made,  Researches  in 
Indian  sign  language  have  been  resumed.  The  director  has  continued 
the  development  of  a  system  of  classification  designed  to  indicate  the 
place  of  the  the  American  Indians  among  the  peoples  of  the  earth. 

Satisfactory  progress  has  been  made  in  the  revision  of  the  proofs  of 
the  seventeenth  and  eighteenth  annual  reports  and  in  editorial  work 
on  the  manuscript  of  the  nineteenth  annual  report.  The  demand  for 
these  reports  in  advance  of  their  publication  is  great,  wtiile  the  supply 
of  those  of  previous  years  is  practically  exhausted. 

Further  details  concerning  the  operations  of  the  Bureau  may  be 
found  iu  Director  Powell's  report,  forming  Appendix  II. 

ENTEENATIONAL  EXCHANGES. 

I  need  hardly  repeat  what  I  have  already  said  in  previous  reports — 
that  the  growth  of  the  operations  of  the  exchange  service  testifies  to 
its  good  management  and  general  acceptability,  even  with  the  disad- 
vantages under  which  its  labors  are  carried  on.  In  1S87  it  sent  out  71 
tons  of  documents  and  had  2,165  correspondents  in  this  country  and 
7,396  correspondents  abroad;  during  the  past  year  it  transmitted  161 
tons  and  bad  6,915  correspondents  at  home  and  22,543  abroad.  There 
is  no  part  of  the  Smithsonian  Institution  which  more  efficiently  carries 
out  the  large  purpose  of  its  founder,  to  diffuse  knowledge  among  men, 
aud  it  is  through  this,  as  much  as  through  any  other  branch,  that  its 
name  is  known  throughout  the  world.  .  -  ■ 
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Fifty  years  ago,  when  this  work  was  first  commeuccd,  entirely  at 
the  charge  of  the  Institatioa,  an  arrougemeDt  was  made  through  the 
generosity  of  certain  steamsbip  lines  hy  which  transport  conld  be  had 
gratuitously.  This  arrangement  has  been,  to  a  great  extent,  Decessarily 
continued,  and,  although  conditions  hare  entirely  changed,  the  Inatito- 
tion  is  still  compelled  to  carry  matters  of  international  interest  and 
importauce  by  slow  steamers  because  where  the  service  is  gratuitously 
given  uo  choice  can  be  exercised.  It  is  a  mistaken  ecouomy  to  think 
it  for  the  advantage  of  the  Ooveromeut,  which  now  spends  so  many 
thousands  of  dollars  on  this  work,  to  yet  fail  to  meet  the  vital  con- 
ditions of  business  success — reasonable  dispatch — because  it  would 
iuvolve  the  expenditure  of  some  $3,000  additional  aunnally. 

At  the  present  time  it  is  unhappily  true  that  different  bureaus  of  the 
Government  which  have  the  right  to  make  use  of  this  methf>d  prefer  to 
spend  more  mouey  and  to  send  their  publications  at  their  own  costand 
trouble,  usually  through  the  mails,  only  because  they  can  deliver  them 
more  promptly  than  those  who  would  gladly  make  it  a  special  boast 
that  they  were  the  promptest  and  most  expeditious,  as  well  as  the 
cheapest,  of  (iovernment  dispatches. 

Where  ocean  freight  is  charged  it  is  computed  by  the  cubic  foot,  and 
the  average  rate  that  is  demanded  by  the  fast  steamers  iVom  ^ew  York 
to  European  ports  may  be  placed  at  20  cents ;  but  while  the  above  esti- 
mate is  made  upon  the  calculation  that  all  shipments  could  be  made  at 
the  ton-measurement  rate,  quite  two-thirds  of  them  would  measure 
under  a  ton,  and  would  come  under  the  rate  of  what  is  known  as 
"  minimum  bill  of  lading  charge,"  which  is  never  less  than  $5  for  each 
shipment.  This  makes  a  total  of  about  $2,000  from  Washington  to 
various  ports  of  debarkation  throughout  the  world ;  and  thiH,  be  it  dis- 
tinctly observed,  is  without  ordinarily  using  the  express  either  ftvm 
Washington  to  the  ix>rt  of  shipment  on  this  side  or  ft-om  the  foreign 
port  of  destination  to  the  ftual  address  on  the  other. 

It  would  doubtless  be  somewhat  quicker  if  the  express  were  used, 
but  the  gain  between  Washington  and  N^ew  York  in  time  would  be  less 
than  a  day,  and  the  cost  on  this  part  of  the  transit  would  be  multiplied 
nearly  fourfold,  so  that  if  I  look  at  the  matter  as  though  the  interests 
of  au  ordinary  business  were  in  qnestion  I  do  not  feel  that  the  expendi- 
ture under  these  conditions  for  an  express  freight  between  Washington 
and  New  York  would  be  justiHed ;  and  since  it  is  as  a  business  invest- 
ment that  I  am  asking  Congress  to  consider  this  small  appropriation,  I 
do  not  advise  that  it  shall  include  the  cost  of  the  land  express  to  be 
used  as  an  ordinary  means. 

It  is  to  be  understood,  then,  that  under  this  estimate  land  tranapor- 
t-ation  is  still  supposed  to  be,  as  a  rule,  by  freight  trains,  both  in  this 
country  and  ia  Europe.  As  the  Institn**""  *•-"  little  to  do. with  for- 
warding exchanges  from  European  po  imate  destinations, 
it  is  impossible  to  state  definitely  whi  \  be  of  improve- 
ments which  would  bring  in  all  desire                          ^ ,  this  part  of  the 
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Bervice,  and  it  is  not  included  here.  It  is,  bowever,  necessary  that  a 
reasonable  provision  for  tlie  special  transmission  by  express  of  belated 
packages  from  Washington  to  New  York  and  for  the  payment  of  post- 
age on  a  certain  limited  namber,  mostly  small  and  far  remote  destina- 
tions, which  can  be  forwarded  more  advantageoasty  by  the  mail,  with 
some  minor  but  needed  matters,  should  be  made,  and  this  will  add  Dot 
over  $1,000,  making  the  $3,000  estimated  for. 

With  a  view  to  improving  the  service  and  establishing  more  inti- 
mate relations  with  the  correspondents  of  the  Institution,  who  have  Bo 
generously  cooperated  in  its  advancement,  the  chief  clerk  was  instructed 
to  personally  visit,  in  the  autumn  of  1897,  the  exchange  agencies  at 
Brussels,  Leipzig,  VieDua,  Budapest,  Paris,  and  London.  The  work 
aoconiplishetl  was  highly  satisfactory,  and  resulted  not  only  in  making 
many  nseful  changes,  but  also  in  bringing  about  a  closer  relationship, 
especially  with  those  bureaus  abroad  which  are  conducted  and  sup- 
lorted  by  Government. 

The  exchange  territory  represented  for  many  years  by  the  agent  of 
the  Institution  at  Leipzig  has  included  not  only  Germany,  but  Austria- 
Hungary  and  the  Balkan  countries  as  well.  The  constantly  increasing 
demands  upon  this  agency  has  made  it  necessary  to  readjust  its  fnnc- 
tious,  and  as  a  consequence  new  agents  have  been  appointed  at  Vienna 
and  Budapest.  While  the  necessary  additional  expenditure  on  account 
of  the  new  agencies  will  be  considerable,  the  advantage  to  the  service 
will  more  than  compensate  for  the  increase. 

The  service  provides  for  the  forwarding  of  United  States  official 
publications  to  distributing  centers  abroad  and  for  their  systematic 
delivery  to  specific  addresses;  for  transmitting  the  reports  and  memoirs 
of  institutions  and  individuals  of  this  country  to  their  corresiwndeuts 
in  other  parts  of  the  world,  and  for  the  transmission  to  and  delivery 
in  the  United  States  of  similar  publications  in  exchange,  even  from 
remote  parts  of  civilization. 

For  defraying  the  expenne  of  this  service  during  the  past  year  there 
were  available  resources  aggregating  $35,193.5;{,  of  which  amount 
$19,000  were  appropriated  by  CoiiRress  and  $6,19.1.53  were  derived 
from  repayments  at  the  rate  of  5  cents  per  pound  on  ttie  exchanges  of 
Government  bureaus  and  State  institutions,  this  being  a  partial  reim- 
bursement of  the  expense  incurred  for  packing,  transportation,  and 
clerical  work. 

In  my  last  report  I  stated  that  exchange  relations  wei-e  suspended 
with  Turkey,  Greece,  and  Cuba,  and  I  regret  to  say  that  even  now  the 
Institution  is  awaiting  the  consnmmatioa  of  arrangements  with  the  first 
two  countries  named.  An  agency  bad  been  established  in  Havana  just 
prior  to  the  blockading  of  that  port  by  the  United  States  fleet,  and 
it  will  doubtless  be  reestablished  at  an  early  date.  Owing  to  restric- 
tions placed  upon  all  intercourse  with  Spain  and  her  colonies  during 
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the  recent  war,  no  exohaugea  have  of  late  been  forvarded  by  either 
conntry. 

Cotnparisou  with  the  report  for  the  year  ending  Jane  30, 1897,  shows 
a  marked  increase  in  the  number  of  correspondeDts  and  the  amount 
of  poblications  transmitted.  The  number  of  correspondents  now  aggre- 
gates 29,4d8,  and  the  weight  of  transmissions  during  the  year  exceeded 
150  tons,  distributed  among  93  countries. 

Since  my  last  report  a  revised  edition  of  the  International  Exchange 
List  has  been  published,  containing  the  names  of  9,414  iustitatious  in 
other  couDtries  which  are  in  commanicatiou  with  institudons  in  the 
United  States  through  the  Smithsonian  Institution.  Tbe  last  edition 
was  published  in  1885.  Appended  to  this  report  is  a  map  of  the  world 
showing  the  distribution  of  the  correspondents  of  the  exchange  service. 

THE  JIATIOSAL  ZOOLOGICAL  PAEK. 

For  the  fiscal  year  ending  Jane  30, 1898,  the  following  appropriation 
was  Diatle  for  the  National  Zoological  Park  by  tbe  soodiy  civil  act 
approved  June  i,  1897: 

National  Zoological  Park:  For  continuing  the  constmctiou  of  roads, 
walks,  bridges,  water  supply,  sewerage  and  drainage;  and  for  grading, 
plan  ting,  and  otherwise  improving  the  grounds;  erecting  and  repairing 
"^iiaihiings  and  inclosnres:  care,  subsistence,  purchase,  and  trans[>orta- 
tion  of  animals,  including  salarie-s  or  compensation  of  all  necessary 
employees  and  general  incidental  expenses  not  otherwise  provided  for, 
fifty-five  thousand  dollars;  one^half  of  which  sum  shall  be  paid  from 
tbe  revenues  of  the  District  of  Colombia  and  the  other  half  from  the 
Treasury  of  the  Uniied  States;  and  of  the  sum  hereby  appropriated 
five  thonsaud  dollars  shall  be  used  for  contiuuiag  the  entrance  into  the 
Zoolo;!ical  Park  from  Woodley  lane  and  opening  driveway  into  Zoolog- 
ical Park,  from  said  entrance  along  the  bank  of  Kock  Creek. 

The  sum  thus  appropriated  was  less  by  410,000  than  that  for  the 
preceding  fiscal  year.  This  has  necessarily  occasiooed  some  embar- 
rassment in  the  administration,  and  retarded  development,  especially 
in  the  construction  of  buildings.  It  will  be  lemembered  that  no  grant 
has  ever  beeu  provided  for  any  permiment  structure  for  animals  in  tbe 
park,  other  than  tbe  small  *' animal  bouse,''  so  called,  and  the  log  cabin 
where  the  elks  are  sheltered,  so  that  nearly  all  of  the  animals  are 
after  eight  years  still  sheltered  in  the  temporary  ehwis  run  up  to 
receive  them  at  the  time  of  the  first  appropriation.  It  had  beeu  hoped 
that  something  would  have  been  done  this  year,  but  it  has  not  been 
possible  to  erect  the  constructious  mentioned  in  the  lai^t  annual  report 
as  desirable. 

Through  the  courtesy  of  the  Commissioner  of  Fish  and  Fisheries  the 
park  was  able  to  secnre  the  tap^"  -"■'  "ther  apparatus  used  for  the 
exhibition  of  flsh  and  aqnati*  Vtlanta,  Ga.    These  tanks 

have  been  temporarily  installe  lerly  occupied  as  a  work- 

shop and  constitute  the  nucleu  »  which  it  is  boi>«l  may 

become  ao  attractiTe  featme  o  teeat  the  exhibit  eou- 
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prises  only  fresh  water  species,  bnt  a  series  of  tanks  for  sea  water  will 
also  be  established,  No  part  of  the  park  attracts  more  attention  or 
interest  than  this,  and  I  conld  wish  that  Congress  would  provide  the 
means  for  making  a  better  exhibit.  This  is  only  one  ont  of  many 
instances,  however,  of  the  need  of  baildings.  The  temporary  sheds 
already  alladed  to  were  put  up  at  first  in  that  form  at  the  instance  of 
the  Appropriation  Committee,  which  desired  to  await  the  resalt  of 
experience  before  erecting  permanent  quarters.  These  sheds  are  rot- 
ting and  all  but  ready  to  fall,  and  some  appropriation  for  buildings 
must  be  made. 

Tbe  births  in  the  collection  continue  to  be  more  frequent  than  was 
anticipated.  As  wild  animals  do  not  ordinarily  breed  in  captivity,  this 
increase  is  gratifying  as  bearing  testimony  to  the  care  which  has  been 
bestowed  by  their  keepers  to  preserve  them  in  proper  conditions  of 
health  and  activity. 

The  roads  of  the  park  have  received  the  usual  attention  during  the 
year.  The  appropriation  bill  provided  for  the  continuation  of  the  Bock 
Creek  drive  along  the  creek.  This  work  has  been  done,  the  amount 
appropriated  being  safflcient  to  construct  an  excellent  road  from  tbe 
new  bridge  built  last  year  to  the  bridge  near  the  Quarry  road  entrance. 
As  fiinds  become  available  this  driveway  will  be  continued  toward  the 
upper  end  of  the  park.  The  completion  of  tbe  portion  of  this  roadway 
connecting  with  Woodley  road  has  been  deferred  for  the  present  on 
account  of  the  probable  addition  of  land  to  the  area  of  the  park  in  that 
vicinity.  A  bill  has  been  presented  to  Congress  providing  for  such 
addition,  and  the  road  can  be  much  more  advantageously  constructed 
should  this  increase  of  the  park  reserve  be  provided. 

It  is  noped  that  tbe  probable  extension  of  the  jurisdictiou  of  the 
United  States  over  foreign  territory  may  lead  to  increased  collectiona 
for  the  park.  There  are  many  animals  and  birds  in  Cuba,  Porto  Rico, 
and  the  Philippines  which  are  not  represented  here.  It  seems  highly 
desirable  that  the  fauna  of  these  regions  should  be  more  widely  known, 
and  it  is  therefore  intended,  if  funds  are  provided  for  the  purpose,  to 
make  a  special  exhibit  of  specimens  collected  in  these  countries.  In 
order  to  do  this  a  new  building  especially  constructed  for  tropical  birds 
is  indispensable. 

The  collection  has  suffered  somewhat  during  the  year  from  tbe  casu- 
alties that  are  a  necessary  consequence  of  keeping  wild  animals  in 
confinement.  The  "cattle  and  game  disease,"  an  epidemic  disorder 
that  has  proved  very  fatal  in  European  collections,  appeared  suddenly 
and  carried  off  several  animals.  Its  progress  was  soon  arrested  by 
promptly  disinfecting  tbe  pens,  isolating  the  sick,  and  removing  the 
unaffected  animals  to  other  paddocks. 

Several  measures  were  introduced  into  Congress  daring  tbe  last  ses- 
sion which  had  for  their  object  the  readjustment  of  the  boundary  of 
tbe  park.  Since  the  establishment  of  a  permanent  plan  for  the  road- 
ways of  the  District  of  ColnmUia  it  has  been  made  evident  that  the 
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vxUtiug  boandaries  are  not  ia  all  respecte  satisfactor;,  as  they  do  not 
alwaye  coincide  with  the  regalar  highways,  and  therefore  pennit  of  haild- 
iDgB  being  placed  iu  cloae  proxitoity  to  the  park,  a  condition  obvioasly 
unsuitable  both  for  the  secloBion  of  the  aaimals  and  because  of  the 
jirobability  of  disorderly  conditions  arising  npon  such  properties. 

The  most  notable  of  the  efforts  made  to  secure  a  better  arrangement 
was  the  bill  on  the  subject  introduced  by  Senator  Gallinger,  which  was 
favorably  reported  by  the  Committee  on  the  District  of  Colombia  of 
the  Senate,  finally  passed  by  the  Senate  on  July  7, 1898,  and  is  bow 
before  tbe  Committee  on  Public  Buildluga  and  Grounds  of  the  Boose 
of  Bepresentatives. 

The  text  of  the  bill  as  it  passed  tbe  Senate  is  as  follows: 


AN  ACT  Ti>  readjoBt  tbe  bonndary  of  the  National  Zoological  Park  and  pr«serye  its 
HocluHioii  beCweitn  Park  rokd  on  the  east  and  Cinciaoati  street  nad  CoDDCcticnt 
avoDue  <in  tbe  weit. 

Be  it  enacted  by  tiie  Senate  and  Home  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled.  That  a  commission,  to  consist 
of  the  secretary  of  the  SmithBoniau  Institutiou,  the  president  of  the 
Board  of  Commissioners  of  the  District  of  Columbia,  and  the  Engineer 
Commissioner  of  said  board,  is  hereby  aathorizcd  and  empowered  to 
-  acquire,  by  purchase  or  condemnation,  iu  the  same  manner  as  was 
adopted  for  the  acquirement  of  property  already  embraced  in  the 
yaCioiial  Zoological  Purk  nnder  the  provision  of  the  Act  of  Marcli 
second,  eighteen  hundred  and  eighty-nine,  the  tract  of  laud  lying  south 
of  the  National  Zoological  Park  owned  by  the  Union  Benevolent  Asso- 
ciation of  the  District  of  Columbia  (colored)  and  now  occupied  as  a 
cemetery,  and  such  parcels  of  ground  adj<>>nitig  the  said  park  and 
between  its  present  boundaries  and  Connecticut  avenue  extended  on 
tlie  west  and  the  nearest  road  shown  on  the  recorded  highway  exten- 
sion plans  of  tbe  first  section  on  the  east  and  south  (inclusive  of  such 
road  in  case  the  same  is  not  yet  dedicated  to  public  use)  as  they  shall 
deem  necessary  for  preserving  its  safety  and  perpetuatiup its  seclusion; 
tUette  |>roiierties,  along  with  Joliet  street,  already  purchased,  to  be  made  a 
part  of  tbe  said  park,  for  which  purposethe  sum  of  twenty-five  thousand 
dollars  is  hereby  appropriated,  to  be  psiid  halt'  out  of  tbe  District  funds 
and  half  out  of  the  United  States  funds.  The  Union  Benevolent  Asso- 
ciation of  the  District  of  Columbia  (colored)  is  hereby  authorized  to 
sell  and  convey  any  portion  or  all  of  the  tract  of  laud  owned  by  tbem 
on  the  southern  side  of  the  Zoological  Park  now  occupied  as  a  cemetery. 

It  would  seem  that  the  passage  of  this  bill  is  very  desirable,  and  I 
take  occasion  to  refer  iu  this  connection  to  the  letter  which  I  quoted 
from  an  eminent  landscape  artist,  Mr.  Olmsted,  iu  my  report  for  tbe 
fiscal  year  ending  June  30, 1895. 

ASTEOPHYSICAL  OBSERVATORY. 

The  work  of  the  past  year  has  been  suRcessfu!  beyond  expectation, 

and,  as  is  stated  in  tbe  rei)ort  c  ting  in  charge,  it  has 

"•^Ited  in  the  discovery  and  de  xtsitioo  of  over  500 

-sorption  tines,  so  that  we  I  new  lines  of  well- 
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determined  poBitious,  and  w«  may  be  said  dot  to  know,  by  the  aid  of 
the  bolometer  and  the  labors  of  the  observatory,  more  lines  in  this 
invisible  spectrnm  than  were  known  in  the  visible  one  up  to  the  great 
research  of  Kirchoff  and  Bansen,  which  opened  the  era  of  modern 
spectrnm  analyHis.  Moreover,  these  lines,  the  exactness  of  whose 
determination  has  now  reached  a  surpristog  degree  of  perfection 
throngh  the  recent  improvements  in  the  delicacy  as  well  as  the  pre- 
cision of  both  bolometer  and  galvanometer,  and  throngh  other  improve- 
ments in  the  apparatus  (improvements  due  principally  to  the  present 
Aid  acting  in  charge),  depend  not  only  on  the  instrnments,  but  on  the 
labors  of  those  who  have  used  them,  the  comparator  measurements 
alone  having  included,  as  stated  in  the  body  of  the  report,  about  44,000 
separate  observations. 

A  great  deal  of  other  work  has  been  done  at  the  observatory,  but 
nothing  which  in  importance  and  present  and  prospective  interest  com 
pares  with  this  main  research  in  the  infra-red  spectrum,  which  is  uon 
known  throughont  nearly  the  whole  of  the  invisible  portion  of  the  solar 
energy,  and  extends  throngh  a  range  of  wave  lengths  considerably  over 
twelve  times  that  known  to  Sir  Isaac  I^ewton,  the  present  exact  knowl- 
edge of  this  region  being  due  not  exclusively,  bnt  it  may  properly  be 
said  principally,  to  the  labors  of  this  observatory. 

I  call  attention  in  this  connection  to  tbe  interesting  remarks  made  in 
the  report  to  tbe  effect  that  very  marked  changes  of  absorption  have 
been  observed  at  various  parts  of  the  infra-red  spectrum.  In  one  part 
of  tbe  invisible  region  a  decrease  in  absorption,  amounting  to  nearly 
half  the  total,  took  place  in  February,  and  this  abnormal  state  con- 
tinued until  May,  when  the  usual  condition  gradnally  retarned.  As 
this  change  is  foaud  to  occur  yearly  at  abont  the  same  period,  the 
idea  presents  itself  that  tbe  growth  of  vegetation,  so  rapid  in  these 
months,  may  abstract  from  the  air  large  qaantities  of  vapor  active  in 
absorption  at  this  point  in  the  spectrum,  but  this  interesting  poBsibillty 
has  not  yet,  it  will  be  understood,  been  fully  verified. 

In  this,  however,  and  other  discoveries  of  a  similar  nature  we  have 
the  earnest  of  the  fiilflllment  of  long  cherished  hopes,  already  alluded 
to  by  me,  for  the  ultimate  benefit  of  these  researches,  not  only  to  science, 
bnt  to  concerns  of  practical  moment  and  even  of  national  utility. 

NECROLOGY.  / 

Gardiner  Greene  Hubbard  was  bom  in  Boston  August  25, 1822,  and  -^ 
died  in  Washington  on  December  11,  1807.  After  preparation  in  the 
Boston  schools  he  entered  Dartmouth  College,  being  graduated  bache- 
lor of  arts  in  1841.  He  studied  law  in  Cambridge,  and  was  admitted 
to  the  bar  of  Boston,  where  he  practiced  his  profession  for  twenty 
years,  and  later  at  the  national  capital. 

His  first  interest  in  educational  and  scientific  matters  appears  to 
have  been  coanect«d  with  tbe  improved  education  of  the  deaf,  and  he 
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waa  tbe  fonnder,  iu  X84I},  of  the  first  school  established  in  the  Uoited 
States  for  teaching  tbe  deaf  to  apeak.  He  was  for  ten  years  a  member 
uf  tbe  State  board  of  edacatioD  of  Massacbasetts,  and  served  as  a 
commissioner  for  tfaat  State  to  the  Centennial  Exhibition  at  Philadel- 
phia in  1876.  He  was  also  connected  with  the  department  of  awards 
of  the  Atlanta  Exposition,  1S95,  and  the  Nashville  Exposition,  1S97. 
In  187C  he  was  appointed  by  President  Grant  chairman  of  a  special 
commission  to  investigate  the  qaestioD  of  railway  mail  traoRportation. 
He  was  a  doctor  of  laws  of  his  own  college  ( Dartmonth),  and  of  Colnm- 
bian  University,  at  Washington,  of  which  be  was  also  a  tmstee. 
Daring  tbe  last  ten  years  of  bis  life  he  evinced  a  very  great  interest 
in  tbe  scientific  work  at  the  national  capital.  He  was  president  of  the 
National  Geographic  Society,  and  labored  nnoeasingly  for  the  advance- 
ment and  popularization  of  its  work.  He  was  president  of  the  Joint 
Commission  of  tbe  Scientific  Societies  of  Washington,  and  was  con- 
nected with  a  nnmber  of  tbe  hereditary  and  patriotic  organizations. 
He  was  elected  a  regent  Febraary  27, 1895,  and  was  made  a  member 
of  the  executive  committee,  and  gave  mnch  time  and  thought  to  all 
his  dndes  as  regent.  The  Board  of  Regents  unanimously  adopted  the 
following  minute  by  a  rising  vote  in  recognition  of  his  services  to  the 
Institution : 

Whereas  the  Hon.  Gardiuer  Greeue  Hubbard,  a  citizen  regent  and 
a  member  of  the  executive  committee  of  the  Smithsonian  Institntion, 
died  at  his  resideuce  iu  this  city  on  the  11th  day  of  December,  1897, 

Resolved,  That  the  Begents  of  the  Institution  place  upon  tbeir 
records  this  testimonial  of  their  respect  and  admiration  for  Mr.  Hub- 
bard as  a  singularly  public-spirited  citizen,  an  ever-geuerous  promoter 
of  edncatiou,  and  active  patron  of  scientific  work;  and  this  expression 
of  tbeir  sincere  regret  for  the  loss  of  a  colleague  aud  friend,  whose  life 
was  adorned  by  so  many  personal  virtnes,  and  whose  association  with 
them  has  left  so  many  endearing  memories. 

Resolved,  That  a  copy  of  this  minute  be  engrossed  and  transmitted 
to  the  fomily  of  Hr.  Hnbbard. 

Miss  Fannie  B.  Schaeffer,  for  more  than  twenty  years  an  etBeient 
clerk  in  the  Institution,  died  September  18, 1807. 

Bespeotfnlly  submitted. 

S.  P,  Lanolky, 
Secretary  of  the  Smithsonian  Institution. 
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Appendix  ]. 

THE  NATIONAL  MUSEUM. 

Sir:  I  ba/re  the  honor  to  sabmit  the  rnport  of  the  National  HaHeiim  for  the  yuar 
eniliog  June  30,  1898. 

Id  responu  to  your  request  that  the  report  shall  beghi  with  the  following  Htate- 

1.  The  omoant,  kinds,  and  cIaaB«s  of  property  belonging  to  the  Maaenm; 

2.  The  amount  of  snah  property  acquired  during  the  twelve  months  covered  by 
the  report ; 

3.  The  extent  and  Itind  of  improvements  made  in  the  baildJDg  and  gronndB  during 
the  past  year,  and  the  estimated  cost; 

4.  The  extent  and  character  of  the  losees  of  property,  and  the  origin  and  caiisex, 
I  have  the  honor  to  report  that  the  Axeil  property  of  the  National  Mnseum  con- 
sists (in  addition  to  it«  building,  beating  plant,  and  other  eqaipments)  of  collections, 
oases  aud  other  receptaclee,  ofSce  fnrnitare,  and  books. 

The  collections  include  objects  in  every  branch  of  natural  history,  geology,  and 
anthropology,  and  comprise  more  than  4,000,000  specimens. 

The  cases  in  the  exhibition  balls  number  about  2,000.  Besides  these,  130  caaei 
contain  exhibits  at  the  Omaha  Exposition,  and  1,300  are  in  use  in  the  workrooms  and 
Storage  quarters. 

The  office  furniture  comprises  abont  90O  pieces,  such  as  tables,  desks,  chairs,  file- 
cases,  typewriters,  and  book>caees,  besides  minor  articles.  The  Museum  also  owns 
485  lecture-room  chairs  of  an  iufurior  quality  that  should  be  replaced  at  an  early  day. 

The  library  contaius  about  11,000  volumes  and  about  7,500  pampbletn. 

During  the  ti.Hc^al  year  c^overed  by  this  statement  the  Museum  acquired  more  than 
460,000  specimens  and  441  books,  ^S^  pamphlets,  and  4,929  parts  of  periodicals,  aud 
added  to  its  permanent  stock  cases  aud  other  furniture  and  fixtures  to  the  amount 
of  $30,000,  of  which  $15,000  woM  used  for  furnishing  the  new  galleries  provided  by 
Congress. 

Daring  the  year  the  sheds  adjoining  the  Smithsonian  building  on  the  south  side 
weT«  torn  down  and  reconstructed  at  a  safe  distance  from  the  building.  The  work 
cost  in  round  numbers,  $2,000. 

The  galleries  provided  by  Congress  for  the  Museum  building  were  erected  during 
the  year.    Theee  were  three  in  number,  and  cost  $8,000,  the  amount  appropriated.  j. 

The  losses  of  property  during  the  year  were  of  trifling  extent,  and  were  only  such  ^  ' 
as  natnrully  occur  where  very  large  numliers  of  receptacles,  as  cases,  boxes,  trayK, 
bottles,  etc.,  are  in  use.  It  should  he  remarked  in  this  connection  that  all  coses 
and  other  furniture  and  the  like  when  worn  out  and  no  longer  of  use  to  the  Hnseum, 
are  regnlarly  condemned  and  sold  at  auction,  and  the  proceeds  turnjed  into  the 
Treaanry,  as  required  by  law. 

In  the  followiDg  condensed  statement  the  more  important  facts  oonneoted  with 
the  work  of  the  National  Museum  during  the  fiscal  year  ending  June  30, 1898,  are 
presented: 

The  Mitteum  liaff, — A  general  reorganization  of  the  scientifio  departments  of  the 
MnHum  went  into  effect  July  1,  l^TT.  Under  this  plan  Mr.  W.  H.  Holmes  was  made 
head  onrator  of  the  newly  organized  department  of  anthropology,  Dr.  F.  W.  True 
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r  of  (he  dcpailMLBt  nf  biology,  aad  Di.  G.  P.  MMTi!l  held   eKTMar  of 
r1  of  ^eoto^. 

Mr.  W.  H-  lihaiiiil  va*  sppoiolad  Mostaat  nmtor  of  Aa  dirisiaa  of  iaaeeto 
«•  JdI;  1.  litsn.  '>a  Sorember  U  Dr.  W.  L.  Ealpb  vaa  >piM>tBtad  t 
diaa  of  Ibi-  aH^io*  nt  bird*'  *^~%  uhI  Dr.  tL  G.  D7U  w 
tko  «eetii>a  of  Ut'uinfTen.  3Cr.  W.  T.  Swindle  wu  sppoinied  huoonij  «ntadi«D 
of  Um  aectioB  of  klg'.  uul  Dr.  D.  fi.  K>iirhi14  waa  appoinied  to  *  aBU>r  f 
IB  the  •octMHi  of  Umtft  foDgi.     Bolb 'if  tlie>«  app>>inUBCuUUok  clIactD 

Mr.  G«rTit  :*.  Miller,  jr.,  wan  ginrn  a  temporary  ar>paiiilm 
of  tlMdiriaioaaf  maanalaon  Fefaroarr  15, 1S1>-.     '>n  April 30,  Dr.  J.  Walter  PewkeB 
wao  •ppainteH  a  roilaboralor  in  tlie  diriauwi  of  etlmoii^;. 

.lirtnUw. — The  aee«MiiMu  of  ttb-  j«ar  nooibFr  1,U2.  n~hi]e  ihia  t«ceed  >!■«««  • 
ali^bt  fUliDi^  ntl  wbFtt  compared  with  that  for  the  precvling  joar.  it  sbo«ld  be  aoteal 
that  maaj  of  tbn  a":>«*i<>na  eaibrarpil  a  lar;^  iiDaiitilj  of  Bslerial,  m>  that  the  total 
nmnbrr  of  apeRiiiteiM  a«<]aired  lepreaents  a  Tery  larp-  iDcrcase  itrei  the  acqniailkias 
of  nc«Bt  yeaim.  Aifiei^lher.  mure  than  I.Vi.iVI)  ipecimvrLi.  aa  alreadr  watwd,  were 
addnl  to  the  coItaetioiM,  raising  tt»  grand  total  oo  June  3>.  1'^.  (o  aboTe  4.000,000. 

1*  r»lliDg  joai  attention  to  the  aceeaaionA  of  grraien  importsoce,  I  «iQ  divide 
mj  T>as*rk*  under  the  Ebr»«  bi-adiiig*,  antbiopoiiigr.  bioloe;.  aod  ge^ogj — these 
being  tbo  deoi^atioDe  of  thr  three  acieotific  departments  of  the  Mosriui  ^nndrr 
wUcb  all  dirisioiut  and  aectioiu  are  embraced  in  accordance  with  the  nvMed 
•ebeme  of  elaHificalion  now  in  effing 

Jnllirvf^Ltff. — Conaidrrini;  first  the  departmfiit  of  anilmpolD^,  attantiai  ia 
aDed  toa  large  ciill#«tioa  of  andqniEiesandethnologii^  malerial.  embracing  B>om 
than  12jU)0  Rpwiioeiu,  bei|ne3th«l  to  the  Smiihaonian  Instilalion  bj  the  late  W. 
Hallelt  Fbilliptf,  bj  wbofn  the  material  waa  Uirgely  collected.  Thv  apecimeiM  ai« 
>ccoB|Mnird  bj  uoten  pTvpared  b;  Mr.  Pbilliir*,  and  tbe  collection,  as  a  whole,  wof 
Kiceptianal  Talus.  It  consists  mainljof  atonr  implements  frutn  the  Potumac  refioo, 
bat  ti»eladeaaIoa  lOBethnolot-iral  sprrinMiw  from  Polfoeaia.  Frnm  tho  Bnrvanof 
Anwrican  Etfanolotcj  bas  been  reccired  a  Taloahle  aerir*  of  ancicat  stone  and  nitb- 
eDware  Dlen.iila  from  gnieoand  monnds  in  Arkaa-as.  and  a  collection  of  antiqaitiee 
from  tbe  monnds  of  the  Etoirah  groop  of  Georgia.  Tbe  List-naviFd  «aUe«tton, 
tnCPlhcr  with  tbe  material  preriooslj  received  fruio  ihr  mur  lueatity,  constitatee 
an  exeeedioglf  valuable  aHaemblage  of  an  buHilngical  material.  Through  the  conr- 
tesj  of  Haig.  den.  G.  M-  Steinberg,  a  serire  of  i>vi-r  2.<iuu  haman  crania,  mainly  of 
tbe  Indian  tribes  of  Xorth  America,  has  lieen  transfetreil  lu  the  National  Muneam 
from  the  Armj  Medical  Mnseam.  Dr.  Eoland  Steiner,  of  Grovetown,  Ga.,  deposited 
•n  estenaive  iieries  «f  etone  implemi-nts  from  varioas  parts  of  Georgia,  and  M.  Emila 
Gmnler,  Paris,  Franco,  deposited  a  collection  of  ethnological  material  from  the 
Indian  tribes  of  the  Great  PlainH  and  the  Rocky  Monntain  re^non.  Other  loan  col- 
lections worthy  of  note  are  a  series  of  personal  meraeDtiie  of  the  late  Gen-  W.  S. 
Hancock,  deposited  by  U.  R.  Hancock,  of  tbe  West  Point  Military  Academy,  a  nnm- 
ber  of  Jewish  religions  eeremonial  objects,  deposited  by  Mr.  U.  E.  Bengniat,  San 
Fnociseo,  CaL,  and  a  vslaable  collection  of  Japanese  porcelains  from  Hiss  £.  B. 
8cidmore. 

Prof.  AleXMider  Graham  Bell  depoaite<l  a  large  naml>er  of  pieces  of  apparatus 
made  and  need  by  himself  in  bin  eiperiments  and  reaearcbee,  inclnditig  a  series 
illnstnting  tbe  inrention  and  deTclopmeijI  of  the  Ikll  telephone.  The  General 
Electric  Company  depo«iti-d  several  dyoamoe  aod  other  pieces  of  spparatua  of  great 
biatorical  value.  Tbe  Coe  Brass  MaDafactariDg  Company,  of  Aoaania,  Coon.,  pre- 
Moted  ten  dynamos  made  between  tbe  years  m3  and  1S79  b.v  William  Wallace. 
Some  of  theae  machines  were  in  practical  operation  dnriug  the  Centeanial  Exhibi- 
tion at  Philadelphia-  An  electric  generator  made  in  186T  by  Mr.  Charles  A.  t>eeley 
and  an  electric  motor  devinei)  in  If  'davenport  were  received  on  deposit 

frvm  the  American  lOHtitnte  of  El<  '.    Altogether,  the  piecee  of  elec- 

trical apparatus  received  represen  nuge  of  AmoricAo  inveation. 
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ihrming  Uie  basis  of  the  practical  me ttioils  of  electric  arc  and  incandescoiit  lL|{Lting. 
DnpHcateB  of  few,  if  any,  of  tbeae  machinea  exist. 

BUtlogg.—Aiaong  tbe  additioDS  to  tbe  collectioDs  in  ttie  department  nf  biology  thu 
lATgeat  and  one  of  the  most  important  Is  a  cotleotion  of  about  200,000  epcciinciia  of 
Coleoptera,  presented  by  Mesara.  H.  G.  Hnbbard  and  E.  A..  Schwarz,  of  the  Departs 
iiient  of  AgrioDlture,  The  addition  of  this  material  places  the  collection  of  iosecls 
in  the  National  Hiiseam  ahead  of  all  others  as  regards  North  American  Colooptera. 
Dr.  W,  L.  Abbott  has  presented  during  the  year  large  collertions  of  birds,  mammals, 
reptiles,  and  insects  from  Lower  Siam  and  Kashmir,  The  material  whic'h  Tlr,  Abbott 
has  collected  and  donated  to  tbe  Kational  MuMum  duriug  a  period  of  several  years 
past  now  constitutes  tbe  most  ralaable  portion  of  the  Old  World  collei^tiona  in  its 
custody.  Valnable  Bpeolmena  of  birds'  eggs  have  been  leceivcil  from  Dr.  W,  L. 
Ralph,  of  Utioa,  N.  Y.,  another  generous  contribntor  to  tbe  national  collections. 
Prof.  Dean  C,  Worcester,  of  Ann  Arbor,  Mich.,  presented  600  bird  skins,  900  egj;*i 
and  250  neste,  all  ftom  tbe  Fbilippino  Islands.  Large  additions  to  tbe  collectiiin  of 
beeb-water  mussels  have  been  made  through  the  cooperation  of  Dr.  L.  T.  Chamber- 
lain, of  New  York  City.  A  ooUoctiou  of  more  than  S6,000  apeoimenH  of  land  and 
fresb-water  Bbells  was  presented  by  Dr.  R.  Ellsworth  Call,  of  Cincinoatl,  Ohio. 
Ur.  Ontram  Bangs,  lioaton,  Mass.,  presented  an  interesting  series  of  bird  skins  from 
Santa  Marta,  Colombia.  Valuable  accessions  from  the  United  States  Fish  Coumis- 
BJon,  the  Diological  durvey  ofthe  Department  of  Agriculture,  and  other  QoveromuDt 
bureaus,  have  been  received.  A  collection  of  invertebrates  obtained  by  tbe  n^itu- 
rklists  of  the  steamer  Albalroit  In  1896  ftom  the  coaata  of  California,  Japan,  Kam- 
chatka, and  in  the  Bering  Sea,  and  a  quantity  of  materi^il,  comprising  more  thun 
600  lota,  collected  by  the  assistants  of  the  Commission  dnring  tbe  past  thirteen 
years,  deserve  special  iiotioe.  A  number  of  valuable  types  and  cotypes  of  bahes 
have  also  been  transmitted  by  tbe  commisaion.  A  large  lot  of  land  shells  collected 
by  the  Biological  Survey  of  the  Department  of  Agriculture,  waa  received  during  tbe 
year.  This  collection  is  regarded  as  tba  most  intrinsically  valnable  acquisition  of 
tbe  year  in  the  division  of  mollnsks,  comprising  as  it  does  an  nnnsnal  number  of 
nndescrlbed  species  and  others  not  before  represented  in  the  collection.  A  series 
of  about  240  speoimena  of  rodente  from  Patagonia  was  obtained  by  purchase. 

Geologg. —Tiie  department  of  geology  has  been  enriched  by  the  addition  of  a  con- 
siderable quantity  of  important  and  interesting  material.  Through  tbe  bequeatof 
tbe  late  I.  H.  Harris,  of  Wayncaville,  Ohio,  a  valuable  oollf  ction,  conaisting  of  more 
than  30,000  specimens  of  fossils,  has  been  received.  Tbia  ia  oue  of  the  finest  coltec- 
tiona  of  fossils  of  the  Cincinnati  gronp  in  existence.  It  Is  particularly  rich  In 
starflahea,  criuoids,  and  trtlobites.  Mr.  E.  D.  Lacoe,  Pittston,  Pa.,  has  added  to  his 
previoua  magnificent  contribntiona  by  tbe  donation  of  his  collection  of  fossil  inseote, 
oomiiriaiiig  over  4,600  .'ipecimens,  of  which  more  tbau  200  are  types.  Six  hundred 
■pecimena  of  Kinderhook  crinoids,  corals,  and  moUiisca  were  received  from  tbe 
United  States  Geological  Snrvoy.  A  largo  amount  of  vertebrate  paleontologlcal 
material,  collected  under  the  direction  of  Prof.  O.  C.  Marsh  during  his  connection 
with  the  United  States  Geological  Survey,  has  been  tumetl  over  to  tbe  Museum 
during  tbe  year.  A  valuable  collection  of  Moaasanrs  from  tbe  Cretaceous  of  western 
Kansas,  two  collections  of  Eloamobrauoh  teeth  and  epinea  from  tbe  Carboniferous  of 
Iowa,  and  an  unuanalty  fine  akull  and  aome  booea  of  Clatitaunu  were  obtained  by 
purchase. 

Specimens  of  many  new  minerals  were  received  dnring  the  year  and  added  to  the 
collections.  The  division  of  physical  and  obemioal  geology  baa  lieeu  enriched  by 
the  acquisition  of  a  large  cluster  of  basaltio  columns  from  near  Bonn,  Pmaaia,  some 
large  maaaen  of  beantifol  orbicular  granite  from  Sweden,  fulgnritcs  on  Andeaite 
ttom  Little  Ararat  in  Armenia,  and  a  largo  amount  of  petrographio  material  from 
the  United  States  Geological  Survey  and  other  sources.  The  head  curator  of  tbe 
department  of  geology  collected  some  beautiftil,  clear  maaaee  of  rock  salt  at  Hell- 
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bronn,  Pniwla,  Specimens  of  kaolin  and  olaya  from  Oermany  and  an  oxoellent 
series  of  tellnride  ores  ttom  Crippie  Creek,  Colo,,  have  rIoo  Iwen  rec«ired. 

Foreign  exohatigBa.— A.  ftv  ot  the  mora  importtmtexohkDges'with  foreign  eBtablish- 
ments  andindividaals  are  bore  referred  to :  From  the  Imperial  Boyal  Natnral  History 
Hnapnm,  Vieiina,  Austria,  66  spooimens  of  Tertiary  corals  were  rBoeived  in  exchange- 
for  Lower  Cretac«oas  fosBila.  The  Paleontological  Mneenm  of  the  Boyol  Academy, 
HaDicb,  Bavaria,  Tecoived  from  tbe  United  States  National  Mnsenin  16  speolmeDs  of 
Cambrian  fossils  in  exchange  for  material  sent  some  time  ago.  Thirtj-three  speci- 
mens of  fossil  planto,  representing  20  spec iea,  werereceiTOd  from  thelfataral  History 
Society  of  New  Bronswick,  St.  Johu,  and  90  Bpecimens  of  fosall  plants  have  been 
eent  in  return.  The  Branicki  Mnseum,  Warsaw,  Husaia,  has  received  170  bird  skins 
from  the  National  Uiisenm,  in  contionation  of  exchanges.  I.and  ebellB  fhtm  Tranv 
caepia  and  the  Caacasoa  and  marine  shells  ftom  the  coast  of  Rossia  have  been 
received  from  the  Zoological  Museum  of  the  Imperial  Academy  of  Soieaces,  St. 
Petersburg,  in  exchange  for  about  2,000  speoimeus  of  shells  from  the  National 
Hnsenm.  Uoiu.  H.  Cossman,  Paris,  France,  sent  a  colleotion  of  shells  in  exchange 
for  publications.  Sixty-two  specimens  uf  Aotinians  have  been  transmitted  to  tbe 
Royal  Museum  of  Natnral  Hiatory,  Stockholm,  Sweden,  in  exchange  for  matwial  yet 
to  ho  received.  CmstaceauB  have  been  sent  to  the  Mnseom  of  Natural  History, 
Geneva,  Switzerland,  in  return  for  specimens  already  receired  and  in  continuation 
of  further  exchanges. 

Di&tribation  of  tpediMtu, — There  were  sent  out  as  gifts  or  in  eiebange  during  the 
year  about  32,000  specimens,  a  considerable  inorease  compared  with  the  namber  for 
the  preceding  year.  About  one-half  of  the  dlatribntions  consiBtod  of  marine  inverte- 
brates, a  large  number  of  these  specimens  having  been  prepared  and  transmitted  to 
Bcliools  and  colleges  throngbont  the  coomtry.  Nearly  7,600  apeoiniens  were  lent  to 
apecialistB  for  study. 

Sp€<iae«t  received  for  delerminaUtm. — There  has  been  a  decrease  In  the  unmber 
of  apeciiueos  received  for  determination,  the  total  having  been  676  lota,  or  140  lots 
less  than  for  the  preceding  year.  Since  very  littto  material  of  value  is  acquired 
in  this  way,  this  decrease  is  not  to  lie  regretted,  althongb  tbe  work  of  ldentl6oation 
ia  not  unwillingly  undertaken,  sinoe  it  baa  long  been  tbe  policy  of  the  Mnseum  to 
render  such  assistance  to  colleotors  and  others  as  may  be  practicable. 

Ezplorationi. — Material  of  great  sclentiBo  value  baa  been  received  as  the  result  of 
explorations  condticted  by  the  Bureau  of  American  Ethnology.  Abont  1,300  speci- 
mens of  pottery  and  other  relics  from  Arizona  have  been  added  to  tbe  collections 
through  the  efforts  of  Dr.  J.  Walker  Fowkos,  who  has  been  particularly  suooeasful 
in  Ilia  archH-ologioal  oxploratimis  in  the  southwest  dnring  the  past  few  years.  A 
number  of  nniqnn  ethnological  specimens  IVom  Patagonia  wero  received  from  Mr. 
J.  B.  Hatehcr.  E>ipIoratioUB  undertaken  by  Mr.  Gerard  Fowke,  of  tbe  Bureau  of 
Gthn^O^y,  in  Brown  Connty,  Ohio,  yielded  a  small  collection  of  Honnd  Builder*'. 

Mr.  R.  P.  Currie,  of  the  National  Hnsenm,  visited  Liberia  with  I'rof.  O.  F.  Cook, 
for  the  purpose  of  collooting  natural  history  material,  and  snocoeded  in  gathering  a 
large  nDml>er  of  insecto,  spiders,  and  myriapods.  Valuable  specimens  of  mammas, 
birds,  and  reptiles  were  also  secured.  A  number  of  rare  birds  ftom  the  vicinity  of 
Lake  Okechobce,  Florida,  were  collected  by  Mr.  Robert  Ridgway.  Interesting 
speelmensof  fishes  and  mollosks  wore  obtained  by  Hr.  Charles  Schuchert  near  Disko 
Island,  Greenland.  SomeveryraraiDseotafromthe  Commander  Islands  wero  secured 
by  Dr.  Leonhard  St^neger  while  serving  as  a  member  of  the  Fnr-seal  Investigation 
Commission.  Mr.  J.  N.  Rose  visited  Mexico  dnring  the  summer  of  1897,  and  spent 
about  four  months  in  making  c  'ntanical  material.    A  large  number  of 

valuable  specimens  were  obtaii  tesontations  of  mere  than  lOOspecies 

new  to  Bclenoe. 
Alargentunber  of  plants  frc  'd  Tertiary  formations  of  northern 

Teenland  were  obtained  by  te  and  Charles  Sobnohert.    Mr> 


Google 


REPOET   OP   THE   SECBETAKY.  35 

Sohnchert  also  nuMle  oolleotiog  trips  to  Missonri  and  nortli«m  Now  York.  Dr.  George 
P.  Merrill  broagbt  borne  some  iuteiestiiig  geological  material  collected  dnriog  his 
visit  to  RoMin  in  1897. 

rinlori. — Daring  the  year  1T7,2M  peraons  visited  the  MiiBBiim  bnildiog  and  99,273 
were  admitted  to  the  Smithsonian  building,  making  a  total  of  276,537. 

FKhlieatiom.—The  Annual  Report  of  tbe  National  Mneenm  for  1896  haa  been  pnb- 
liabed,  the  Report  for  1896  woa  neariy  all  ia  type  at  the  clou  of  the  fiaoal  year,  and 
the  proof  reading  of  the  ailnitniBtrative  portion  of  the  volome  for  189T  has  been  fln- 
Isbed,  Thepaperaiu  the  appendix  of  the  volameii>r  1895  bare  been  inued  in  separate 
ionn.  The  nineteenth  volume  of  PruceediDgs  appeared  dnrlng  the  jear,  and  papers 
1124  to  1139,  Inclnsive,  oonBtituting  Volume  XX,  have  been  distributed.  Part  L 
of  Bulletin  39,  contMuiog  iDstmctions  for  tbe  collection  of  scale  ioseotfl,  by  Prof. 
T.  D.  A.  Cockerell,  and  Circular  48,  relating  to  tbe  collection  and  preservation  of 
tbe  bones  and  teeth  of  the  mastodon  and  mamraolh,  have  been  printed. 

By  yonr  direction  5,800  copies  of  the  Report  of  the  National  Museum  »re  now  dis- 
tiibnted  direct  froni  the  Museum,  out  of  a  total  of  7,000  copies  allotted  by  Cougreu 
to  tbo  Smithsonian  lustitation  and  the  Museum. 

T«ii»ti»et  C«K(Mttial  Sipotilion. — As  stated  in  tbe  last  Annual  Report,  tbe  Mnsenm 
participated  in  tbe  exposition  held  at  Nashville  from  May  1  to  October  31, 1897,  for 
the  purpose  of  celebrating  the  one  hundredth  anniversary  of  the  admission  of  tbe 
State  of  Tennessee  into  the  Union.  Eighteen  of  the  divisiouB  and  sectiona  of  the 
Ifuseum  prepared  eihihits  for  this  occasion.  A  description  of  these  exhibits  vrill  be 
given  in  detail  in  tbe  full  report  of  the  Katiouat  Museum  for  the  present  year. 

7ytiiit-MiiH»rippi  a*d  InltrnaiioHal  Erpotltian. — An  exhibit  was  prepared  by  the 
Museum  for  tbe  Tr«ns-MiBsissippi  and  International  Exposition  nhirb  opentKl  at 
Tmaha  on  June  1,  1698.  For  this  exptKiition  Congress  appropriated  t62,500  for  tbe 
erection  of  Government  buildings  and  {137,500  for  the  exhibits  of  the  various  Execu- 
tive Departments  and  Bureaus.  Of  tbe  latter  amount  the  sum  of  $19,491.71  was 
allotted  to  the  Smithsonian  Institution  and  its  dependencies.  Dr.  F.  W.  Truerepre- 
BeotA  the  SmithsoDiOD  Institution  and  the  Nationnl  Museum  un  the  Qovemnient 
board  of  management,  and  Mr.  W.  V.  Cox  acts  as  apociul  agent  in  charge  of  the 
exbibit.  The  report  for  the  coming  flscal  year  will  contain  a  complete  description 
of  the  collections  which  have  been  sent  to  Omaha  by  the  Museum. 

II  was  with  no  little  regret  that  1  advised  you  of  the  necessity  of  my  relinquishing 
the  charge  of  the  National  Museum  at  the  close  of  tbe  present  Hscal  year.  The  tem- 
porary appointment  which  you  tendered  me  eariy  in  1897  was  accepted  with  mingled 
feelings  of  satisfaction  and  hesitation.  My  admiration  for  tbe  late  Dr.  Qoode  and 
my  long  and  pleasant  acquaintaucu  with  him  and  his  associates  renderod  the  diffl- 
CDlt  task  tighter  than  1  anticipated,  anilnow,  in  resigning  the  cbargeofthoMusenni — 
although  I  gladly  retain  the  honorary  curutorsbip  of  the  collections  in  strotigraphio 
paleontology— I  desire  to  express  my  sense  of  indBbt«dness  f<ir  the  honor  which  you 
have  conferred  upon  me  and  my  wish  for  tbe  ever-increasing  prosperity  of  the 
National  Mnsenm. 

Reapeotfolly  submitted. 

CnAS.  D.  Walcott, 
Aeling  AmitUint  Secretary  in  charge  of  Ike  United  Siatei  National  ifuaniM. 

Mr.  S.  P-  hjiHOixv, 

Steretarg  of  Ike  Smithtonian  IiutilMtion. 

JCNsSO,  1898. 
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Snt:  I  have  tha  honor  to  sabmit  the  report  of  the  Bnreau  of  Ethnology  for  the 
year  ending  June  30,  1898. 
In  reaponoe  to  yooi  reqneat  that  the  report  shall  begin  with  the  following  Btate- 

1.  The  amount,  kinds,  and  classes  of  property  belonging  to  the  Bureau; 

2.  The  amount  of  such  property  acquired  during  the  twelve  months  covered  by 
the  report; 

3.  The  extent  and  kind  of  improvementa  made  in  the  building  and  groandH  doring 
the  pMt  year,  and  the  estimated  coat ; 

4.  The  extent  and  cliaracter  of  the  losses  of  proper^.and  the  origin  and  causes — 
I  have  the  honor  to  say  that  the  property  of  the  Bureau  is,  with  the  exception  of 

one  or  two  items,  small  tn  amoout  and  value.  By  far  the  most  important  and  valu- 
able property  in  the  custody  of  the  Bnrean  is  the  collection  of  mannscript  records, 
representing  a  considerable  part  of  the  work  of  the  aollaborators  and  the  contribu- 
tions of  correspoudents  dnring  the  last  twenty  years,  aa  well  as  the  ooUection 
originally  acquired  fWim  the  Smithsonian  Institntion.  The  greater  part  of  the  mann- 
eoripts  are  linguistic,  and  these  are  not  in  condition  for  publication,  though  Invala- 
ahle  for  purposes  of  study  and  comparison.  Tbe  entire  collection,  embracing  more 
than  2,000  titles,  is  catalogued  and  arranged  in  fireproof  vaalts  in  the  offices  of  the 
Bnrean.  A  strict  custody  is  maintaiued,  nnder  the  immediate  supervision  of  tbe 
Director. 

A,  related  class  of  property  oomprisee  photographs  of  Indian  subjects.  So  far  ns 
practicable,  these  are  represented  by  the  original  negatives  vith  a  systematic  series 
of  prints.  The  collection  comprises  about  5,000  negatives,  with  abont  3,000  piiiits, 
including  800  printe  from  negatives  which  are  not  in  the  possession  of  the  Bureau. 
The  collection  is  in  constant  nsein  connection  with  the  preparation  of  illustrations 
for  the  reports;  ite  custody  is  vested  in  the  illustrator  of  the  Bnrean. 

Among  tbe  minor  items  tbe  most  important  is  the  library  of  7,900  volumes  and 
OTer  6,000  pamphlets,  with  plain  wooden  coses  sufBcient  to  acrommodate  them.  The 
greater  part  of  the  library  represents  the  product  of  exchange,  and  in  addition 
there  is  a  fair  collection  of  books  of  reference  and  standard  works  on  ethnologic 
snhjecto  obtained  by  purchase.    The  library  is  in  immediate  charge  of  Mr.  F.  W. 

A  class  of  property  of  some  importance  is  the  accumulated  residue  of  publications. 
The  greater  part  of  the  edition  of  tbe  reports  avaUable  for  distribution  by  the 
Bureau  is  sent  to  exchanges  and  correspondente  immediately  on  issue,  but  a  limited 
number  of  copies  of  each  edition  remains  for  distribntion  in  uccordance  witb  subse- 
quent demands.  The  residue  of  the  several  editions  not  completely  exhausted  is  kept 
under  tbe  supervision  of  Mr.  F.  W.  Hodge.  The  oditione  of  most  of  the  reporte  are 
exhausted ;  tbe  undistriboted  residue  numbi'nt  about  4,300  volumes. 

A  somewhat  important  class  of  property,  though  of  limited  value,  is  office  furni- 
ture, with  thn  requisite  stationery  forcnrrcnt  use,  as  well  an  photographic  apparatus 
and  material.  The  aggregate  value  of  tbe  furniture  and  apparatus  is  less  than 
S2.600.    The  custody  and  useof  furniture,  apparatus,  atetlonery,  and  other  materials 
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are  regalated  hj  a  cnBtodlal  ijstem  doviaed  for  the  pnrpiiae,  irbich  hax  bceu  fouii<l  to 
Rork  witiiifBctorily. 

A  coDHidenUe  number  of  origioal  eDgrkvings  aaed  Tor  tbe  Uluitratlon  of  reports 
are  catklogned  and  arranged  Id  csbm  In  the  office  of  the  Bareau,  while  the  original 
cop;  for  illoetratfoiis  is  also  preserved,  ho  far  as  practicalile,  in  eharge  of  the  illiw- 
trator.  The  stereotyped  plates  ftvDi  which  the  reports  are  printed  are  from  time  to 
time  tnmed  over  to  the  Burean  by  the  Public  Printer.  These  are  stored  partly  in 
the  Smithsonian  bDJldisg,  partly  In  the  baeement  of  the  baildinf!:  in  which  the  office 

Experienoe  has  shown  that,  under  existing  conditions,  it  is  inexpedient  to  acquire 
field  property  in  any  considerable  amonnt,  since  the  cost  of  purchase  and  mainte- 
nance of  animals,  rehicles,  and  oamp  equipage  exceeds  the  c^hnrgee  for  hire;  aooord- 
ingly,  there  is  practically  no  field  property  in  tbe  poMeselon  of  tbe  Barean. 

Tbe  collaborators  engaged  in  Beld  operations  collect  ethnological  material,  in 
Sreater  or  less  quantities,  for  purpoeoe  of  study.  All  such  material  is  transferred 
to  the  National  Huseum,  and  commonly  the  requisite  stndies  are  conducted  vlthin 
that  building. 

Daring  the  last  fiscal  year  satisfactory  progress  was  made  in  enriching  the  mann- 
script  collections,  the  series  of  photographs,  and  the  collections  of  material  ohjeota 
for  the  Mnseam,  as  indicated  fo  other  paragraphs.  Tbe  aggregate  expenditures  for 
stationery  and  laboratory  snppliea  were  (1,900;  for  furniture,  9750,  and  for  the  par- 
ohase  of  neeessary  books  of  reference  and  standard  works,  (850. 

The  Bureau  is  domiciled  in  rented  quarters,  i.  e.,  tbe  sixth  floor  of  the  Adams 
Building,  1333-1335  F  street,  Washington.  These  quarters  are  limited,  hardly  meet- 
ing the  requirements  of  the  work.  During  the  winter,  when  office  work  is  in  active 
progress,  it  is  sometimes  necessary  for  as  many  as  two  or  three  collaborators  to  work 
io  private  quarters,  while  some  of  the  permanent  property  (stereotype  plates,  etc.) 
of  the  Bureau  is  stored  in  tbe  Smithsonian  and  National  Mnseum  buildings,  and  the 
publications  are  stored  In  and  distributed  from  tbe  basement  of  the  building  occu- 
pied by  the  United  States  Geological  Sarvey.  through  the  courtesy  of  the  Director, 
Hon.  Charles  D.  Waloott. 

Ethnologic  reeearcbes  have  been  conducted  during  the  fiscal  year  ending  Jane  30, 
1898,  in  accordance  with  the  act  of  Congress  making  provision  "for  continuing 
researches  relating  to  tbe  American  Indians,  under  the  direction  of  the  Smithsonian 
Institution,"  approved  June  4, 1897. 

Tbe  work  has  been  carried  forward  in  acoordance  with  a  plan  of  operations  sub- 
mitted on  June  14,  1S97.  The  field  operatious  of  the  Director  and  the  collaborators 
have  extended  into  Arizona,  Chihuahua,  Conhuila,  ludian  Territory,  Maine,  New 
Brunswick,  New  Mexico,  New  York,  Oklahoma,  Ontario,  and  Texas,  while  special 
agents  have  conducted  operations  in  Alaska,  Argentina,  British  Columbia,  Califor- 
nia, Chile,  Greenland,  Oregon,  and  Washington  State.  The  ofllce  work  has  iDolnded 
the  coUection  of  material  from  Indian  tribes  iu  Arizona,  Idaho,  Indian  Territory, 
Kentucky,  Minnesota,  Montana,  Nebraska,  North  Dakota,  New  York,  Oklahoma, 
Pennsylvania,  South  Dakota,  and  Texas.  The  researches  in  tbe  office  have  dealt 
with  material  tima  nearly  all  of  the  States  and  from  other  portions  of  tbe  American 
COD  tin  cut. 

The  organization  of  the  work  has  grown  out  of  a  classification  of  ethnio  science 
based  on  the  reeearcbes  of  the  Bureau.  It  is  worthy  of  note  that,  while  tbe  science 
of  man  has  advanced  rapidly  during  the  last  twent;  years  through  the  efforts  of 
able  investigators  in  difi'erent  countries,  the  advance  has  been  particularly  rapid  in 
tbe  United  States.  Nosmalt  part  of  this  advance  must  be  ascribed  to  the  farsighted 
governmental  policy  of  maintaining  researches  among  the  aboriginal  tribes  of  the 
American  continents,  yet  a  part  of  the  progress  would  seem  to  be  doe  to  the  wide 
range  in  ethnio  phenomena  with  which  American  students  are  favored.    The  Isvea* 


"nOOgIc 


88  RBPOET  OF  THE   8ECRETABT. 

tigator  in  this  country  may  isauily  oomn  in  cimtact  witli  reproaeatatlTHS  of  uvery 
race — of  erery  important  struin  of  blood.  At  tb«  suiue  titne  he  may  study  sTery 
important  grade  in  culture,  fttim  the  aavKgery  of  some  of  the  Indian  tribes,  through 
the  barboriBm  of  others,  op  to  the  civilization  and  enlightenment  repteeented  by 
the  bettor  part  of  our  population.  One  of  the  coiueqaBDoea  of  this  favorftbte  con- 
dition for  Btady  has  been  the  Htimulation  of  observation  and  the  enoourftgement  of 
strictly  soientlGo  methods  of  research.  Another  result  is  found  in  the  amoMing  of 
traatworthy  data  in  nnequaled  amount  for  comparatiTe  study.  The  general  result 
is  expressed  in  extension  and  refinement  of  ethnic  science,  and  to  some  eitttnt  in  the 
application  of  ethnology  to  practical  affairs. 

The  aystemization  of  the  science  which  results  fVom  a  considenitionof  itsenbjeot- 
matter  as  exhibited  in  the  operations  of  the  Bureau  was  set  forth  somewhat  fully  in 
the  last  report,  and  it  is  followed  in  the  present  report.  The  science  for  which  the 
Bnrean  was  organized  under  the  act  of  CougreHs  tveata  hut  slightly  of  the  somatio 
charaoterlstics  of  the  native  tribes  of  America.  Its  researches  extend  rather  over 
those  characteristics  exhibited  by  men  in  the  tribal  stat«  oh  they  are  portrayed  in 
onltural  elements.  Those  elements  of  cbsracior  arise  in  the  methods  pureaed  by 
the  tribesmen  for  the  parposo  of  securing  pleasure,  nelfam,  justice,  espreesion,  and 
opinion.  The  pursuits  involve  activities  which  are  esthetic,  indnstriol,  govern- 
mental, lingnislic,  and  ednoational,  and  theeegiverise  to  thescienoeaof  esthetology, 
teolmology,  sociology,  philology,  and  sophiology. 

iriRLD  RBBBAROII   AND   BXPLORATIOS. 

At  the  beginning  of  the  fiscal  year  the  Director  was  engaged  in  an  examination 
of  cen^n  shell  monnds  on  the  coast  of  Maine  reconnoiteied  daring  the  preceding 
seaaon.  Limited  collections  were  mode,  but  the  associations  were  noted  with  care 
and  compitied  with  those  characteristic  of  the  Indians  still  living  in  the  vicinity. 
The  work  resulted  in  the  complete  identification  of  the  mound  bnilders  with  the 
tribes  found  on  the  same  coast  by  white  men  early  in  the  settlement  of  thie  ooantry. 

During  Jnly  Mi.  F.  W.  Hodge  repaired  to  Arizona,  Joining  Dr.  Fewkes  daring  the 
excavation  of  the  mine  near  Snowflabe,  south  of  Holbrook,  and  later  aocompanying 
bim  to  Tnsay an  for  the  purpose  of  gaining  further  insight  into  the  summer  ceremo- 
nies of  the  Hopi  Indians  and  additional  knowledge  of  the  mins  of  thsii  former 
villages.  Leaving  Dr.  Fewkes  and  his  party  late  in  August,  he  visited  the  remark- 
able, but  little-known,  ruins  on  the  mesas  surrounding  Cebollita  Valley,  abont  35 
miles  south  of  Grant,  N.  Mex.,  making  photographs  of  noteworthy  features  and  ■ 
ground  plans  of  some  of  the  more  interesting  struotnres.  After  spending  several 
days  in  this  work  Hr.  Hodge  visited  the  pueblos  of  Lagnna  and  Acoma,  witnessing, 
at  the  latter  village,  the  interesting  Fiesta  de  San  Estevon,  and,  on  September  3, 
proceeded  with  his  party  to  the  widely  known  Meaa  Encantada,  some  3  miles  from 
Acoma,  the  traditional  home  of  these  Indians  daring  prehistoric  times.  The  pre- 
cipitoas  height  was  cliubed,  the  night  was  spent  on  the  summit,  an<l  after  corefally 
examining  its  entire  surface  Mr.  Hodge  was  successful  in  finding  ample  traces  of 
Indian  occupancy  at  a  remote  period.  He  also  found  traces  of  an  ancient  pathway 
leading  toward  the  summit,  and  quantities  of  prehistoric  ware  In  the  talus,  to 
whicb  it  had  evid«itly  been  washed  from  the  snmmitof  the  mesa;  accordingly  he 
was  able  to  snbstantiate  the  essential  feature*  of  an  Acoma  tradition. 

The  beginning  of  the  year  found  Dr.  J.  Walter  Fewkes  occupied  in  collecting 
aboriginal  material  from  a  prehistoric  min  known  as  Kintiel,  or  Pneblo  Grande, 
located  on  an  upper  wash  of  the  Colorado  Chiquito,  between  Navaho  station  and 
Gonado,  in  eastern  central  Arizona.  Situated  midway  between  the  Tuaayan  and 
ZnAl  gronpe  of  pueblos,  the  origin  of  this  ruin  has  for  a  nnmber  of  years  been 
a  problem  to  investigators  in  this  field;  but  the  researches  of  Dr.  Fewkee  show 
qnite  conclusively  that  the  art  remains  unearthed  resem1>le  more  closely  thoae  of 
'alona,  Ueebotanthla,  oud  other  ancient  Zin'ii  villages  than  tjioee  of  the  prehistoric 


REPORT   OP   THE   8ECEETAET.  39 

pnebloB  of  TaBuyaii.  Exc&vations  were  oonducted  in  the  cemeteiiea,  an  well  as  in 
the  min  of  the  village,  in  each  of  which  an  intereetiog  collection  of  pottery  and 
bone  and  atone  implements  was  nnearthed. 

Folly  satisfied  with  the  results  at  this  point,  Dr.  Fewke»  retnmed  to  the  raU- 
road,  and  fhim  Holbrook  proceeded  to  the  vioinlty  of  Pinedale,  near  the  northeru  bor- 
der of  the  White  Monntain  Apache  ReMrvalioii,  where  another  iut«rostiog  collection 
of  objects  was  made.  Although  the  ruins  ftoni  wbicb  they  were  recovered  are  more 
remote  frODi  the  pr«Mnt  Tnsayon  villages  than  are  thoee  of  Kintiel,  they  are  more 
closely  similar  in  form  and  in  syiiibolio  decoration  to  aneient  Tasayan  art  products 
than  are  the  specimens  obtained  from  the  latter  place. 

Ezoavations  were  neit  oonducted  in  an  interesting  min  abont  1  miles  west  of 
Snowflake,  which,  like  those  of  Pinedale,  were  hitherto  nuknown  to  aTcb4tologiBt8. 
Reaearchea  at  this  point  extended  over  a  period  of  a  fortnight,  being  conducted  both 
in  the  house  miiis  and  In  the  cenieteciee  north  ward  and  sonthw  est  ward  thereof.  An 
nnuBnally  large  collection  of  fictile  ware,  as  well  as  a  vei;  interesting  but  nmaller 
collection  of  bone,  stone,  and  shell  objecta,  were  here  recovered.  By  the  middle  of 
Angnat  Dr.  Fewkes  retnmed  with  his  party  to  Holhrook,  and  proceeded  thence  to 
the  Tnsajan  villages,  where  be  made  observations  supplementary  to  those  conducted 
In  pierloas  yean  in  coDneotiou  with  the  Snake  Dance  and  related  ixremonios. 

During  September  Dr.  Fewkea  visited  that  part  of  the  upper  OUa  Valley  called 
Fn«blo  Viejo,  and  examined  the  exterior  ruins  in  that  region  discovoreil  and  deacribed 
by  Emory  and  Johnston  In  1846.  He  conducted  arob4eotogioat  work  in  luuunds  near 
Solomonville  and  San  Jose  de  Pueblo  Viejo,  and  collected  several  hundred  objecte 
from  these  localities.  These  miuswerefonnd  to  bear  close  architectural  resemblance 
to  (boas  near  Phtsnix  and  Tempe,  and  to  indicate  adobe  houses  with  walls  supported 
by  logs  and  stenes,  olustered  about  a  central  building  which  served  for  protection  or 
for  cereniouial  purposes.  Pottery  and  other  objects  from  these  ruins  were  found  to 
lie  identical  with  those  ftom  near  Cssa  Qrande.  It  wns  discovurei!  that  tliu  aucieut 
peopleof  this  valley  sometimes  buried  tbelr  dead  in  their  houses,  but  that  the  larger 
number  were  cremated.  The  calcined  houses  and  aahes  of  the  latter  were  placed  in 
decorated  jara  and  buried  in  pyral  mounds.  Remalus  of  extensive  prehbtoric  Irri- 
gating ditehea,  reservoirs,  and  terraced  gardens  showthatthevalley  was  extensively 
farmed  in  ancient  times,  and  the  large  number  of  ruined  houses  indicate  an  extensive 
popnlatlon.  An  iustmotive  collection  of  pottery,  beads,  shells,  and  sacrificial  objecte 
was  obtained  from  a  cave  in  the  mountaina  north  of  Pueblo  Vi^o. 

During  a  part  of  his  field  seaaon  Dr.  Kewkee  hod  the  aid  of  Mr.  F.  W.  Bodge,  and 
during  the  entire  summer  the  assistance  of  Dr.  Walter  Hough,  of  the  United  States 
National  Hnaenm.  The  reaearcbea  of  Dr.  Fewkea  oonducted  during  this  summer 
were  remarkably  successfbl  both  in  the  extent  and  value  of  the  collections  acquireil 
and  in  the  aroh»ologic  and  ethnologic  data  recorded. 

Toward  the  end  of  September  Hr.  Jamea  Mooney  took  the  field  In  New  Mexico, 
Texas,  and  contiguous  Mexican  Stetes  for  the  purpose  of  collecting,  luuong  varimis 
tribes,  information  additional  to  that  obtained  among  the  Kiowa  and  Kiowa-Aparlie 
of  Oklahoma  concerning  the  primitive  rites  in  which  peyot«,  more  popularly  known 
as  "mescal,"  fa  nsed  as  a  narcotic  and  stimnlant.  Incidentally  to  this  work,  Mr. 
Mooney  made  a  brief  visit  to  a  series  of  interesting  pueblo  mins,  attributed  to  tbo 
neighboring  Tewa  Indiana,  on  a  mesa  12  milea  weatward  from  Esponola,  above 
Santa  Fi^,  on  the  Rio  Oraude,  in  New  Mexico.  These  remains  are  of  considerable 
local  repute,  hnt  thus  far  they  have  not  been  seriously  excavated. 

The  Jicorilla  Apache,  numbering  850  on  a  reservation  in  northern  New  Mexico, 
were  the  next  object  of  Mr.  Mooney's  attention.  This  tribe  formerly  roamed  ov«r 
the  section  eastward  of  the  mountaina  of  New  Mexico,  on  the  head  waters  of  Arkansas 
and  Canadian  rivers,  but  afflliat«d  with  the  Ute  rather  than  with  the  plains  tribes. 
It  was  found  that  they  knew  of  thepeyoteonly  throngb  temporary  aeaociation  with 
the  Meaoalero  a  few  years  ago  when  the  two  tribes  were  for  a  time  on  one  reserva- 
tion.   The  Mesoolero  Apache,  numlieting  450  on  a  reaervatiou  in  southeastem  New 
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Mexico,  wero  next  vitited.  Theao  IndiaoB,  whose  popular  iiumu  is  derived  froiu 
Uioir  usi!  of  the  "  mescal''  or  peyoto,  iire  reganlml  by  the  plains  tiibes  as  tuMlera 
in  all  tbat  concerns  tbe  plant,  but  from  iDformation  niceived  Uirongh  tbeir  beat 
informantB,  as  well  as  tYom  actiiall]r  wltneasing  the  ceremouf,  Ur.  Mooue;  foond 
tho  rite  to  be  deollniug  among  them,  largely  thiODgh  the  dlfiBcnltj  of  procuring  tbe 
plant  ill  their  isoUted  coudition,  as  it  reqnirea  five  days'  Jonmoy  ou  horaeback  to 
obtain  a  necessary  supply.  Living  with  the  Heacolero,  Mr.  Mooney  discovered  a  num- 
ber of  Lipan  and  a  few  Kiowa-Apache  Indiana.  The  Lipaii  were  a  predatory  tribe  of 
eastern  Texas  and  were  practically  extermiDated  some  thirty  years  ago  on  acconnt 
of  their  raiding  propensities  against  both  Texas  and  Mexico.  Of  the  romnant  a  few 
are  incorporated  with  the  Tonkawa,  a  few  joined  tbe  Uescaloro  and  Kiowft-Apache, 
while  otbere,  proljably  the  larger  number,  tied  to  tho  Santa  Rosa  Mountaloa,  In 
northern  Mexico,  wliere  they  still  live.  Mr.  Moonoy  obtained  through  the  Lipaa 
fnrther  information  in  regard  to  several  Texan  tribes,  including  the  Earankawa 
and  Tonkawa,  of  whom  little  has  been  known,  and  from  tbom  also  defintte  infor- 
mation was  obtained  ioregardtotheuseof  peyote  among  the  Tarahnmari  of  Mexico. 

Having  completed  hie  investigations  among  the  tribea  of  New  Mexico  iu  tbe  early 
part  of  December,  Mr.  Mooney  devoted  attention  to  tbe  remnants  of  the  Piro,  Tiwa, 
Stuua,  and  Manso  tribes  on  the  Rio  Grande,  below  El  Paso,  in  Texas  and  Chihuahua. 
These  Indians,  now  practically  Meiicanized,  are  the  desoeudante  of  a  large  nnmber 
of  natives  who  were  taken  by  Governor  Otermin  on  bis  retreat  from  Santa  F6  to  El 
Paso  and  settled  at  their  present  location  during  the  Pueblo  rebellion  in  1680.  He 
obtained  valnable  information  in  regard  to  the  former  status  of  these  people,  and 
oondacted  also  some  llugnistio  reaearohes  to  which  reference  will  later  be  made. 

Hi.  Mooney  next  proceeded  to  tbe  monntaln  country  of  Texas,  southeastward 
from  El  Paao,  for  the  purpose  of  locating  the  peyote  from  information  given  by  the 
Mcscaleioe.  Two  or  more  varieties  of  the  plant  were  found  in  this  seetion,  on  both 
aides  of  the  Rio  Grande.  In  January  Mr.  Mooney  oootinned  southward  to  the  Tara- 
bumari  country  in  quest  of  additional  information  ooncercing  the  rites  and  ooatoms 
of  that  tribe  of  which  peyote  forms  the  feature.  The  Tarahnmari  isonoof  the  most 
populous  tribea  in  North  America,  their  nnmber  beiug  varioualy  estimated  at  from 
50,000  to  80,000;  they  occupy  nearly  the  whole  mountain  region  of  the  State  of  Chi- 
huahua. They  perform  a  number  of  interesting  ceremonies  in  which  tbe  peyote 
plays  an  Important  role;  indeed,  the  plant  Is  a  prominent  part  of  tbe  medicine 
man's  stock  in  trade,  rather  than  something  used  by  tbe  tribe  at  large,  as  among  the 
Kiowa  and  associated  trilies  to  tbe  northward.  Several  varieties  of  the  peyote  are 
recognized  by  the  Tarahnmari,  who  proearo  the  plant  chiefly  about  Santa  Rosalia, 
in  Boutheastem  Chihuahua.  Information  concerning  the  ceremonial  use  of  the 
peyote  by  tbe  neighboring  Tepehuan  tribea  waa  likewise  gained,  and  tho  soatbem- 
mostlimit  of  its  uao  in  Mexico  was  also  determined. 

Aside  from  bia  researcliee  in  tbie  interesting  subject,  Mr.  Mooney  made  an  exami* 
nation  of  some  large  burial  oavoa  near  Aguas  CallentsH,  about  200  miles  southwest- 
ward  from  Chihuahua  city.  Altbongli  tbe  principal  one  of  these  caves  had  been 
eicKvated  by  residents  in  the  hope  of  finding  buried  treasun,  and  their  contents 
thereby  disturbed,  Mr.  Mooney  ancceoded  in  recovering  a  well-preserved  mummy 
with  its  original  wrsppinga  of  matting  and  native  clotb  and  tbe  accompanying  food 
and  wawr  vessels,  which  have  l>een  deposited  iu  tbe  National  Musotun.  These  and 
kindred  observations  throw  much  light  on  the  littte-knowu  mortuary  customs  of  the 

During  Angnst  and  September  Dr.  Albert  S.  Gatschet  was  occupied  in  linguistio 
researches  begun  during  the  preceding  year  among  the  Algonquian  tribea  in  Maine 
and  contiguous  parte  of  New  Brunswick.  His  work  resulted  in  tbe  enrichmentof 
his  vocabniaries  and  in  tho  preparation  of  numerous  texts,  valuable  not  only  as 
indices  of  linguistic  structure,  but  as  records  of  tribal  history,  onBtoms,  social 
organization,  and  beliefs. 

Mr.  J.N.  B. Hewitt  spent  the  autumn  iu  tbe  field  innortbeni  New  Yorkandneigb- 
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boring  parte  of  Ontario,  collticting  lingutstio  nud  aociulogic  dulu  ruiiaintd  for  the 
fail  uomparativo  Htady  of  tho  Iroquoian  tribeit.  He  waa  also  ablu  tu  obtain  new  and 
valuable  additions  to  the  Beriw  of  0T«atlon  mythe  for  which  these  IndiaaB  are  nota- 
ble, aod  throogb  which  their  names  have  become  entenaively  moorporated  in  the 
literature  of  tbe  world. 

On  November  i,  1897,  Mr.  J.  B.  Hatcher,  of  Priuceton  Univeraity,  who  waa  aboat 
to  sail  for  Argentina,  was  specially  commigsiODed  to  make  oollections  among  the 
Indian  tfil»es  of  South  America;  and  toward  the  end  of  the  fiscal  year  he  sent  his 
flrat  shipnient  of  material,  representing  tbe  natires  of  Patagonia,  whose  cbaracter- 
istiOH  bave  attracted  attention  for  centuriea. 

On  January  11, 1898,  Mr.  Oeracd  Fowke  was  employed  temporarily  to  make  archno- 
logioal  surveys  and  exoavalions  in  an  iuterestiug  locality  in  Kentucky.  These  exca- 
vations were  particularly  saoceBHfHiI,  yielding  a  considerable  quantity  of  valuable 
aicbttologlc  material,  nbioh  has  been  placed  in  tbe  National  Museum. 

Shortly  before  the  opening  of  the  fiscal  year  Dr.  Robert  Stein,  attached  to  Lieut. 
R.  E.  Peary's  Arctic  expedition  for  the  purpose  of  exploring  a  little-known  stretoh 
of  tbe  coast  of  western  Greenland,  waa  commissloaed  to  make  arcliceological 
researcbee  and  collections.  He  waa  landed  on  August  10,  1897,  and  remained  until 
September  I,  when  be  was  taken  up  by  Lieutenant  Peary  on  hi«  return  trip.  Dnrlng 
Dr.  Stein's  stay  on  a  part  of  tbe  coast  not  now  inhabited,  be  discovered  abundant 
traces  of  ancient  habitation  by  the  Eskimo,  and  collected  a  qaantity  of  somatologic 
and  other  material. 

The  objective  material  collected  during  these  explorations  has  been  placed  in  the 
National  Museum;  the  new  data  have  been  added  to  the  archives  and  incorpoiated 
in  memoirs  now  In  preparation  or  completed  for  publication,  as  indicated  in  other 
paragraphs.  The  scientific  results  of  tbd  work  are  snmmariced  in  the  following 
pagea. 

Office  Reseakcu. 


Mr.  Frank  Hamilton  Cushing  has  continued  tbe  study  and  arrangement  of  his 
collections  of  alioriginal  handiwork  from  western  Florida,  and  has  made  progress  in 
the  preiisratiou  of  a  report  on  the  prehistoric  key-dwellers  of  the  eastern  shore  of 
the  Qulf  of  Mexico.  During  the  greater  part  of  tbe  year  the  collections  were  kept 
in  tbe  Museum  of  Arcfaiuology  of  the  University  of  Pennsylvania,  where  they  were 
shipped  on  nc(;ount  of  the  inadequate  npace  then  afforded  by  the  National  Museum 
for  unpacking  and  assembling; -to ward  the  end  of  the  fiscal  year,  as  the  capacity  of 
tbe  Mnsenm  was  increased  by  the  introduction  of  galleries,  tbe  greater  part  of  the 
collection  was  brought  to  Washington  aud  arranged  in  cases  and  on  tables  for  pur- 
poses of  comparison  and  study.  In  the  course  of  his  work  Mr.  Cushing  has  made 
extensive  oomparisone  between  his  spoctmens  and  those  obtained  by  other  archmolo- 
gists  bom  different  portions  of  tbe  United  States,  and  the  comparative  studies  are 
highly  significant.  The  Florida  collections  are  rendered  exceptionally  valuable  by 
reason  of  the  large  nomber  of  specimens  made  from  and  decorated  with  animal  and 
vegetal  substances,  which  are  ordinarily  perishable,  though  preserved  in  high  per- 
fectionin  the  muck-bcdsassociated  with  the  Florida  Keys.  Accordingly,  the  material 
serves  bettor  than  any  other  collection  thus  far  made  to  connect  the  records  of  tbe 
early  eiploiers  with  the  observations  of  lat«r  times;  at  the  same  time  it  serves  to 
round  out  knowledge  ooueeming  the  pre-Columbian  handiwork  of  the  Indians  in  all 
of  the  softer,  more  flexible,  and  moi«  easily  destructible  aubstances,  and  accordingly 
permits  comparison  of  designs  wrought  in  a  wide  range  of  materials. 

Dr.  J.  Walter  Fewkes  baa  continued  the  preparation  of  reports  on  bis  archso- 
logic  nsearchea  in  Arizona  and  New  Mexico.  These  researches  were  undertaken 
primarily  for  the  puriioBe  of  enriching  the  collections  of  aboriginal  art  products  for 
the  National  Hnseom.    The  large  collections  embrace  a  remarkably  complete  series 
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of  primitive  detiKiiB  and  luotires  iu  fiolile  ware,  inoluding  the  odjiptation  of  myth- 
ologic,  animal,  bird  and  fentber,  inuot,  and  reptilian  figares.  Many  of  thes«  areso 
highly  oouventiunallzed  ttiat  they  would  have  been  proctioallf  uninterpretftble 
withont  the  knowledge  of  Tosay an  mythologie  and  aociologio  concepto  whioh  Dr. 
Fewkes  fortnnatel;  posMBBoe;  conseqaently  be  has  been  enabled  to  m&ke  eab- 
■tanliol  contribntioDB  to  knowledge  of  the  development  of  artlBtio  ooucepta,  the 
reanlts  of  which  are  incorporated  in  two  memoirB  for  publication,  reBpectively,  in 
UiB  seventeenth  and  nineteenth  annnal  report!. 

Iu  connection  with  other  reeearches,  Mr.  W  J  HcQee  haa  mitdo  iuqairiea  from  dnle- 
gatious  of  Indiana  visiting  WaahingtoD  coDceming  the  aymbolic  use  of  featbera, 
especially  in  connection  with  headdreeaea.  It  is  well  kiiowa  to  stodentB  that  the 
use  of  feathere,  which,  at  first  Bight,  would  eeem  to  be  decorative  merely,  ia  csmu- 
tially  aymbolio;  but  the  meanings  of  the  symbols  have  not  been  ascertained  hitherto, 
save  oitsnally  and  among  a  few  tribes.  Daring  the  year,  the  fekther  symboliam  of 
the  Ponka  and  Ojibwa  tribes  has  been  diacovered  and  recorded  with  tolerable  oom- 
pletenesa. 

WORK  IK  TBCHNOLOar. 

Arte  and  Indnatries  are  correlated  factors  in  human  progress,  and  the  lines  of  con- 
ceptual development  traced  through  the  study  of  art  motivea  eluoidat«  the  growth 
of  lodustrial  devices.  Accordingly,  the  work  of  the  collaborators  in  connection 
with  art  motives  has  contributed  both  directly  and  Indirectly  to  aboriginal  technol- 
ogy. During  the  year  special  attention  was  given  to  lines  of  technical  development, 
as  indicated  in  previous  reports  and  in  the  acquisition  of  material  for  study  and 
preservation  in  the  Museum.  Especially  valuable  is  the  Steiiier  collection,  from  the 
mounds  of  Etownh  Valley,  Georgia.  It  comprises  3,315  specimens  of  iitoue  iniple- 
menta,  earthenware,  and  symbolio  and  decorative  objects  of  eopper,  ahcU,  and  fltooe. 
The  Indians  of  this  district,  bnildera  of  the  great  Etowah  mound  Mid  other  munu- 
mente,  were  peculiarly  fertile  in  artistic  and  indnetrial  dcvireit.  In  this  region  the 
pragreasive  tribes  of  the  Siouan  stock,  the  vigorona  Cherokee  one  or  more  of  the  wide- 
ranging  Algou([Uian  tribes,  the  little-known  Yuchi,  and  some  of  the  Huskliogean 
tribes  came  in  firequent  contact,  whUe  the  influence  of  the  orta  and  industriea  of  the 
key-dwelleraof  Florida  was  conatantly  felt.  Here,  as  elsewhere,  ideas  and  idealu  were 
stimnlnted  by  contact,  whether  peaceful  or  not,  and  the  devices  represoutitig  the 
rapidly  growing  concepts  are  eapecially  signilicant  and  naefnl  iu  tracing  the  courae 
of  indnetrial  development  among  the  alioriginal  tribes.  Another  noteworthy  acqui- 
sition is  the  Mijrris  collection  from  Arkansas,  oompriaiug  181  pieces  of  pottery, 
together  with  a  nnnber  of  stone  implemeute  and  other  objecta.  The  collection  ia 
especially  valuable  aa  au  illiiatratton  of  types  of  pottery  hitherto  rare  or  unknown. 
Bnt  the  most  important  ocqaisition  of  archieologic  objects  procured  during  the  year 
Iscompriaod  in  the  colleoliona  inadeby  Dr.  J.  Walter  Fewkes  from  therninsof  Kin- 
tiel,  Pinedale,  Fonr-milo,  Solomon ville,  and  others  in  eastern  and  southern  Arizona 
and  southwestern  Now  Mexico,  an  elaborate  report  on  which  is  now  being  prepared. 
Like  the  collections  obtained  at  Sikyatki,  Awatobl,  and  other  Tuaayau  mina,  these 
inolnde  fictile  and  textile  produota,  atone,  bone,  and  wooden  Implementa,  and  objects 
of  Bhell  and  atone  used  for  peraonal  adornment.  In  symbolic  decorative  features 
the  mortuary  food  and  water  vessels,  as  well  aa  many  of  the  ntensils  recovered  from 
the  houses,  are  exceedingly  rich.  The  collections  have  been  deposited  iu  the 
National  Mosettm. 

The  process  of  culture  in  all  the  five  departments  is  by  invention  and  accultura- 
tion. The  invention  is  at  first  individual,  bnt  when  invention  ia  accepted  and  need 
by  otheis  it  is  accnltural,  and  the  invention  of  the  individual  may  he  oilded  to  the 
invention  of  others,  so  that  it  may  be  the  invention  of  many  men.  Objects  may  be 
used  without  designed  modification,  or  they  may  bedeaignedly  modified  for  apnrpose. 
The  use  of  objects  without  the  designud  modification  of  them  has  been  apppliod 
to  Seri  stone  implementa  by  Mr.  McGee,  when  he  calla  auoh  modified  implements 
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protolithio,  whilu  tha  luudiliud  stone  itnplemoiit*  he  c»Uh  touhuuUtbio.  The  two 
phases  ale  vriilelj  distioct,  not  only  in  type  of  object,  but  ttven  more  in  the  meutul 
opeTstions  exempUfled  by  the  objects;  for  the  piotolithio  objects  repreeent  node- 
■igoedul»ptatioD  and  moditlcatiou  of  cobbles  picked  np  at  random,  while  the  others 
represent  designed  shaping  in  accordance  with  precunceived  ideals.  The  ooeziat- 
euce  of  the  incongmoaa  types  seemed  puzzling  at  the  ontset,  but  was  praviaionally 
ascribed  to  the  difference  ia  occupation  between  the  sexes,  the  women  using  the 
protolithio  implements  and  the  warriors  making  and  using  the  technalithic  weapons. 
Farther  stndy  showed  that  the  objects  of  chipped  stone  imitate  in  every  essentiEtl 
respect  the  aboriginal  weapons  of  the  hereditary  enemies  of  the  Seri,  including  the 
Papago  and  Yuki;  aud  this  fact,  coupled  with  the  mysticism  thrown  nround  the 
stone  amiwpointB  by  the  Seri  ebanians,  indicated  that  the  idea  of  the  technolithie 
weapon  was  acquired  thruu^-h  warfare.  Examlnationof  other  characteristics  of  the 
Seri  In  the  light  of  thin  interpretation  served  to  explain  various  puzzling  fuaturea 
and  flt  the  same  time  established  ths  validity  of  the  interpretation.  The  Seri 
have  been  at  war  with  alien  tribes  almost  cnnslantly  since  the  time  of  Columbns, 
and  indeed  long  before,  as  indioated  by  archieologic  evidence.  Host  of  their  arts 
and  indnstrles  are  exceedingly  primitive;  yet  here  and  there  features  imitating 
those  cbaracteri Stic  of  neigbl>oring  tribes,  or  even  of  white  men,  are  found.  Thns 
they  use  olios  for  carrying  water  which  are  fairly  ilistinctive  in  type,  though  appar- 
ently l>ased  on  alien  models,  yet  make  no  other  use  of  baked  clay.  They  substitute 
ooet-off  rags  and  fobrics  obtained  by  plunder  for  their  own  fabrics,  wrought  with 
great  labor  tram  inferior  fibers.  Since  the  adjacent  waters  have  been  navigated 
they  have  learned  to  colleot  flotsam,  using  tattered  sailcloth  in  lieu  of  pelioon-skin 
blankets,  cask  stavee  in  lieu  of  shells  as  paddles  for  thitir  balsas,  hoop-iron  in  lien 
of  charred  hardwood  as  arrowpoints  for  bunting,  and  Iron  spikes  In  liea  of  bone 
harpoons  for  taking  tnrtles;  and  almost  without  exception  these  modifications  in 
onstom  have  arisen  withont  amicable  relation  aud  despite — indeed  largely  by 
reason  of — deep-seated  enmity  against  the  alion  peoples. 

eOCIOLOOT. 

In  so^iiology  Hr.  UcOee  has  observed  some  interesting  Iteta  whioh  giTO  light  on 
the  develooment  of  institutions  among  the  tribes  of  America,  especially  in  the 
aooulturation  that  spreads  from  one  nu&iendly  tribe  to  another,  which  be  colls 
piratical  acculturation.  The  Apache  and  Papago  tribes  have  been  bitterly  inimical 
from  time  immemorial,  the  <ildeit  creation  legends  of  ths  Papago  describing  tbe 
•eparationof  the  peoples  iu  the  beginning;  yet  there  is  hardly  a  custom  among  them 
which  bos  not  been  shaped  partially  or  completely  by  the  inimical  tribe.  The 
habitat  of  tbe  Papago  in  tbe  hard  desert  is  that  to  which  tliey  have  been  forced  by 
the  predatory  Apache;  the  industries  of  the  FapoKo  are  shaped  by  tbe  conditionaof 
the  habitat  and  by  tbe  perpetual  anticipation  of  attack ;  the  traditions  recounted  by 
the  old  men  are  chiefly  nf  battle  against  the  Apacbe ;  even  tbe  ceremonies  and  beliefs 
are  isonneoted  with  that  eternal  vigilance  which  Ihey  have  found  the  price  of  safety, 
aud  with  the  wilea  aud  devices  of  the  ever-presi^nt  enemy.  Perhaps  the  most 
important  element  in  the  acculturation  ia  that  ooonected  with  belief,  for  to  the 
primitive  mind  tbe  efficiency  of  a  weapon  is  not  mechanical  but  mystical,  an  expres- 
sion of  suporphyxical  potency,  and  each  enemy  strives  constantly  to  coax  at  snbom 
the  beast-gods  and  potencies  of  the  other;  so  the  Papago  warrior  went  confidently 
to  battle  against  the  Apache  when  protected  by  a  oharm,  or  fetish,  inoladlng  on 
Apache  arrowpoint  taken  in  conllict,  and  felt  assured  of  victor;  if  his  warclub  was 
made  in  imitation  of  that  of  tbe  enemy  and  potentialized  by  a  plome  or  Inscription 
appealing  to  the  Apache  deity.  Even  later  in  the  scale  of  development,  after  the 
piratical  acculturatii>n  is  measurably  amicable,  this  factor  remains  strong,  as  among 
tbe  olsDS  uf  the  KwakintI  and  some  other  tribes  in  wbiob  the  uim  of  marriage  set- 
tlement is  the  aoiinisition,  not  of  property  or  kindred  per  se,  but  of  gods  and  toadi- 
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tioiiH  cuiiceroiug  thi-iii.  Tbn  geoiiral  law  of  piiatical  avcultunttiim  RiiiIb  iiiiiuiuiT»- 
ble  examples  umou)^  tbe  luuro  primitive  piiuplus  of  tbu  world,  hd<1  phaaeti  of  it  have 
been  recojpiized  in  tbe  propositioD  tbat  uonciuerlDg  tribes  take  tlie  language  of  tbe 
conquered.  Other  phases  have  ^eea  perceived,  e.  g.,  in  tbe  hypothesiH  of  prluiitive 
"  tuairiaee  1)J  capture."  Various  earlier  stildcDts  bave  notL'd  that  actual  or  cere- 
mooial  capture  of  tbe  briile  is  a  part  of  marriage  among  certain  tribes,  and  Iiuve 
aBSiiiticd  tbat  thia  was  the  initial  form  of  mating  among  primitive  peoples;  later 
resfurcbpH  have  attown  that,  in  tbe  lowest  of  the  four  groat  culture  etagea,  mating 
is  regulated  by  the  females  and  their  male  consanguineal  kindred,  so  tbat  mar- 
riage by  capture  of  brides  can  not  occur;  yet  there  is  a  step  early  in  tho  stage  of 
paternal  organization  in  wbicb  a  certain  form  uf  marriage  by  capture  baa  arisen  in 
America,  and  may  easily  have  become  promiueiit  uii  other  continents.  When  tribes 
are  In  that  unstable  condition  of  amity  resulting  in  peacefiit  interludes  between 
periods  of  strife — a  stage  characteristic  of  savagery  and  much  of  barbarism — the 
intertribal  association  frequently  reaulta  in  irregular  matches  I)etwe('n  members  of 
tbe  alien  tribes;  commonly  such  muting  is  punished  by  one  or  both  tribes,  though 
muoug  many  peoples  there  are  special  regnlations  under  which  the  offense  may  be 
couiloned — e.  g.,  tbe  groom  may  be  aubjeeted  to  fine,  to  rnuniug  the  gantlet,  to 
ostracism  untU  children  are  bom,  etc.  Yet  while  both  bride  and  groom  incur  dis- 
pleasure and  even  risk  of  life  through  such  matches,  there  is  a  chance  of  attendant 
advantage  which  may  counterbalance  the  risk;  for  it  frequently  happens  that  the 
groom,  especially  if  uf  the  weaker  tribe,  eventually  gains  the  amity  and  support  of 
bis  nife's  kinsmen,  while  in  some  cases  the  elder  men  and  elder  women  of  one  or 
both  tribes  recognize  the  desirability  of  a  coalition  which  can  tend  only  to  nnlte 
tbe  deitiee  of  both,  and  so  benefit  each  in  greater  or  lesser  measure.  Kosearohes 
among  tbe  American  aborigines  have  already  shown  tbat,  so  far  as  this  continent  is 
concerned,  exogamy  and  endogamy  are  corrclativoj  the  former  referring  to  tbe  clen 
and  tbe  latter  to  the  tribeor  other  group;  they  have  also  shown  that  the  limitations 
of  exogamy  and  the  extension  of  endogamy  are  ingenious  devii'es  for  promoting 
peace;  aud  it  is  now  becoming  clearer  that  intertribal  marriage,  whether  by 
mutually  aiTanged  elopement  or  by  capture  of  the  bride,  may  be  a  means  of  extend- 
ing endogamy  and  uniting  aliens,  and  thereby  of  Tailing  acculturation  from  the 
piratical  plane  to  that  of  amicable  interchange.  The  applications  of  the  law  of 
piratical  oocultuiatiuu  are  inuumerable.  In  the  light  of  the  law,  it  becomes  easy  to 
understand  how  inimical  tribes  are  gradually  brought  to  nse  similar  weapons  and 
implements,  to  adopt  uimilar  modes  of  thinking  and  working,  to  worship  simUar 
ceities,  and  thus  tobebronght  from  complete  dissonance  topoteutial  harmony  when- 
soever the  exigency  of  primitive  life  may  serve;  and  thus  the  oonree  of  that  con- 
vergent development,  which  is  the  most  important  lesson  the  American  aborigines 
have  given  to  the  world,  is  made  clear.  Some  idea  may  be  formed,  also,  of  the  his- 
tory of  piracioal  accnltu ration. 


Dr.  Albert  S.  GatAchot  has  continued  the  preparation  of  a  comparative  Tocabulnry 
of  Algonquian  dialects,  making  satisfactory  progress.  The  Algonquian  linguistic 
stock  was  tbe  most  extensive  of  North  America,  both  in  the  number  of  dialects 
and  in  the  area  occnpied  by  the  tribes  using  them.  For  this  and  other  reasons 
the  stock  has  been  a  source  of  mnch  labor  atuung  philologists,  and  there  has 
been  considerable  diversity  of  opinion  a«  to  its  classification.  One  of  the  tasks 
undertaken  by  the  Bureau  early  in  its  history  was  tbe  review  of  Algonquian 
linguistic  material  for  tbe  purpose  of  formulating  a  definite  and  satisfactory  classi- 
iication.  Many  vooabulariee  have  been  collected  and  compared;  to  aid  in  tbe 
determination  of  affinities,  grammatlc  material  has  also  been  obtained  in  consider- 
able Tolnmo;  and  still  further  to  elucidate  relations,  a  body  of  records  of  myths  and 
ceremouiea  has  been  aooumulated.    Tbe  lexic,  grammatic,  and  mylhologic  leoords  of 
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tbe  AlKOtKgniBn  stock  collected  by  coUaboratoro  of  tlie  Baraan  and  obtained  from 
corrupondente  form  eever&l  hnndrod  mannBcripts;  and  it  is  ftom  tbia  vnlnminoas 
material  tbat  the  comparative  vooabnlary  is  oompited.  In  addition  to  tbis  routine 
work  on  the  vocabulary.  Dr.  Qalachet  has  from  time  to  time  prepared  lingaistio 
mat^al  for  use  in  oDSweriog  JDqairiee  of  nomeronH  correepon^entB. 

Mr.  J.  N.  B.  He  vi tt  b as  continued  tbestady  of  the  Iroquoian  language  daring  tbe 
year.  As  noted  in  former  reports,  be  has  also  carried  forward  a  general  etady  of  tbe 
proDoao  as  nsed  in  primitive  tongnes,  with  a  view  to  tbe  preparation  of  a  memoir  on 
linguistic  development.  Partly  as  a  means  to  this  end,  partly  because  of  the  tobe- 
lent  interest  of  the  anbject,  he  has  undertaken  »  comparative  stndy  of  tbe  oreatioD 
myths  of  the  Iroquotan  and  some  other  tribea.  DDTingthelatter  portion  of  the  year 
the  greater  part  of  bis  time  baa  been  devoted  to  this  atudr,  with  highly  satisfactory 

During  bia  operationa  among  the  Hesoalero  and  JicariUa  Apache  tribes  of  New 
Mexico,  mainly  for  the  purpose  of  gaining  knowledge  ooncerning  the  oeremoui^il  nae 
of  the  peyote  among  those  people,  as  recorded  in  previous  paragrapha,  Mr.  James 
Mooney  accepted  tbe  opportunity  of  obtaining  vocabnlariaa  for  rompariaou  nilb  cog- 
nate dialect!)  together  with  their  genesis  myths.  The  Heecalero  and  Jioarilla  dialecla 
ore  practically  tbe  same,  and  the  coamogoiiy  of  the  two  tribea  ia  also  nearly  identical, 
although  they  were  generally  at  war  with  each  other,  tbe  Mescalero  cooperating 
with  the  plain  tribea  while  the  Jioarilla  were  allies  of  the  Ute.  Owing  to  the  fact 
that  the  Lipati  were  exterminated  nearly  a  generation  ago,  and  by  leaaon  of  the 
isolation  of  the  aurvivlng  remnants,  doubt  bos  been  eipreased  as  to  their  true  affinity, 
but  from  a  vocabulary  obtained  by  Mr.  Mooney  from  members  of  this  tribe  associated 
with  the  Heacalero  on  tlieir  reaervation,  it  ia  now  known  that  they  speak  a  well- 
defined  Athapascan  dialect.  Such  liiigniatic  retearches  as  the  present  meager 
knowledge  of  their  language  would  permit  were  aUo  conducted  by  Mr.  Mooney 
among  the  modified  Tiwa  and  Piro  Indians  on  the  Rio  Grande  below  £1  Paso. 

Retnming  from  the  field  for  the  purpose  of  revising  proofs  of  a  memoir  on  the  Cal- 
endar History  of  the  Kiowa  Indians,  in  course  of  composition  as  a  part  of  the  sevea- 
teenth  annual  report,  Mr.  James  Mooney  remained  in  the  office  during  tbe  last  qnarter 
of  the  year,  occupied,  in  the  intervalaof  proof  reading,  in  the  translation  and  arrange- 
ment of  a  large  collection  of  Cherokee  mytha  recorded  in  the  original  syllabary  aa 
well  aa  in  the  English.  Satisfactory  progress  was  made  in  preparing  the  material 
for  publication. 

During  the  later  part  of  the  year  the  researches  in  Indian  sign  langnage,  which 
were  brought  to  a  close  by  the  death  of  Colonel  Mallery  in  189t,  were  resumed 
through  the  collaboration  of  Capt.  Hugh  L.  Scott,  U.  S.  A.  Captain  Scott  was  sta- 
tioned for  some  years  on  the  frontier,  where  be  was  in  constant  contact  with  various 
Indian  tribes,  including  the  plains  Indians,  among  whom  the  sign  language  was 
highly  developed.  Early  in  bia  stay  he  became  interested  in  tbe  signs  and  began 
acquiring  this  interoHting  art  of  expresaion,  and  his  stndies  oontinned  until  he  became 
proficient  and  able  to  use  the  sign  language  babitnally  in  commnnicating  with 
various  tribes.  His  knowledge  of  the  system  ia  nndoubtodly  superior  to  that  of 
any  other  white  man,  and  his  acquaintance  with  individual  signs  exceeds  that  of  any 
Indian  with  whom  he  has  come  in  contact.  During  the  winter  Captain  Scott  was 
transferred  to  Washington,  and  through  the  courtesy  of  the  Secretary  of  War  and 
tbe  Commanding  General  of  the  Army  be  was  authorized  to  take  np  the  record  and 
discussion  of  sign  language  under  tbe  direction  of  the  Bureau.  Considerable  progress 
hod  been  made  in  the  work  when  it  was  interrupted  by  conditions  connected  with 
tbe  war  with  Spain. 

WORK   IN   80PHI0M10Y. 

The  Director  continued  the  development  of  a  system  of  classification  designed  to 
indicate  the  place  of  the  American  Indians  among  the  peoples  of  the  earth;  dnring 
the  latter  part  of  the  year  he  took  up  the  voluminous  material  In  the  Bnrean 
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archives  relating  to  aboriginal  mythology.  While  in  charge  of  the  United  fltntnn 
Geographical  and  Geological  Survey  of  the  Rooky  Honntaiu  rcginn,  before  the  Bureau 
waB  inetitntod,  the  Director  began  the  collection  of  myths  among  thelndiaiu  of  the 
Territoriee,  and  when  the  Bareau  waa  created  thie  material,  in  connection  with  a 
body  of  lingoUtic  inannscrtpts  obtained  l>y  the  Smithsonian  Inatitation,  formed  the 
original  archives.  Additional  material  was  collected  from  time  to  time  by  the 
DireeUir  and  by  eeveral  of  the  collaborators,  and  there  are  now  some  hundreds  of 
manDBcript  records  ready  for  stndy.  Satisfactory  progresa  has  been  made  in  the 
preliminary  arrangement  of  the  manoscripts  and  in  the  extraction  and  classification 
of  salient  featnres  in  the  primitive  mythology  prevailing  among  all  of  the  native 
tribes  before  the  advent  of  the  white  man. 

lira.  Matilda  Coxe  Stevenson  has  continued  the  flnal  revision  of  her  mannsoript 
for  a  memoir  on  the  ZnDi  Indians,  dealgned  for  incorporation  in  the  nineteenth 
annual  report.  Host  of  the  chaptera  are  now  complete,  and  nearly  all  of  the  illns- 
tratioQs  are  ready  for  reproduction.  The  Pneblo  Indians  well  illnstrute  certain 
resnlts  of  euvirunment  in  the  development  of  belief  and  ceremony.  A  harsh  envi- 
ronment begets  profound  faith;-  this  is  illostrated  by  the  history  of  many  colts. 
The  Pneblo  region  was  a  gathering  ground  of  primitive  faiths,  each  fertilizing  the 
others  in  accordance  with  the  law  already  set  forth  and  each  intensified  by  hard 
local  conditions.  The  northern  tribes,  who  f^unished  much  of  the  blood  of  the  Pneblo 
peoples,  were  preased  down  from  mote  humid  regions  and  brought  into  conflict  with 
alien  warriors  and  with  an  arid  habitat  in  which  the  speoters  of  thirst  and  famine 
were  ever  present;  the  sonthem  tribes,  who  fomished  most  of  the  culture  of  the 
Pueblos,  were  in  part  at  least  forced  up  toward  tho  plateaus  from  the  still  more  arid 
districts  abont  the  present  national  bonndary  into  which  they  bad  fled,  as  the  czeeas 
of  population  fyi>m  the  more  fertile  districts  of  pre-Columbian  Mexico.  All  of  the 
peoples  were  shadowed  by  the  dangersofdrongltt  and  by  thehard  labor  required  for 
the  maintenance  of  existence ;  all  were  accustomed  to  invocations  for  rain ;  all  were 
aocustomed  to  ceremonies  connected  with  the  growth  of  com ;  all  were  aocnstomed 
to  reveienco  of  beast-gods,  and  aU  ascribed  their  preeervation  from  ever-preeent 
danger  to  their  success  in  propitiating  the  maleficent  mysteries  by  which  they  were 
eorrounded — for  that  which  is  simply  a  hard  natoral  condition  to  tho  advanced 
thinker  is  always  a  maleficent  potency  to  the  primitive  thinker.  All  of  the  eircum- 
stances  were  snob  as  to  develop  a  profoundly  devotional  cast  of  mind  among  the 
Puebto  peoples;  and  their  myths  and  ceremonies  became  so  striking  as  to  attract 
the  attention  of  students  thronghout  the  world,  as  white  men  came  in  contact  with 
them.  Mrs.  Stevenson's  researches  concerning  the  myths  and  ceremonies  have  been 
oxceptionally  thorough,  and  the  resnlts  now  nearly  ready  for  publication  will  form 
a  subetantial  contribution  to  the  knowledge  of  aboriginal  mythology. 

DBfiCRtPTIVE  BTUNOLOGT. 

During  the  year  the  important  work  of  compiling  a  Cyclopedia  of  Indian  Tribes 
of  North  America  was  continued  by  Mr.  F.  W.  Hodge,  with  the  assistance  of  Dr. 
Cyms  Thomas,  the  former  coirying  forward  the  work  in  connection  with  other 
duties.  Dr.Thomasoompleted  the  preliminary  arrangement  of  the  material  relating 
to  the  tribes  of  the  Algonqnian  stock,  submitting  the  material  for  editorial  revision. 
He  afterward  took  up  the  mannscript  and  literatnre  relating  to  the  tribes  of  the 
Sionan  stock,  and  has  made  satisfactory  progress  in  the  arrangement  of  the  material. 

COLLKCTIONB. 

A  number  of  collections  have  been  acqnired  doling  the  year  under  the  more  Immo- 
diate  direction  of  the  Secretary.  Some  of  these  ore  noted  above;  in  addition  there 
have  tieen  aoqnired  (I)  a  collection  of  Jamaican  antiquities  by  HaoCormack,  Includ- 
ing 160  specimens  of  ancient  stone  implements,  earthenware,  etc.,  and  20  patftloid 
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impletnentB;  (2)  the  Palmer  oollectioa  of  98  ethQotogio  Bpecimeus  rrom  Mexico,  and 
(3)  the  Gane  collection  of  oliff-honse  tellca,  compTioing  Hctile  ware,  bone  imple- 
mente,  etc.,  fWim  San  Jnan  Valley,  Utah.  In  addition,  the  Uaniz  Rolleotiou  of 
trephined  sknlle,  illnatrated  and  described  in  the  sixteenth  nntiual  report,  waa 
finally  tranaferred  to  the  Husenm.  A  oonsiderable  Dumt»er  of  separate  objects  and 
minor  oolleotiona  obtained  by  exchange  for  reporta  and  by  gift  haa  obo  been  tamed 
over  to  the  Moaenm  dnring  the  ;ear;  tunoug  tbeae  vaa  a  Moskwaki  hand-loom 
obt^ned  by  Mr.  UcOoe  for  the  exprasa  pnrpoae  of  Oiling  an  hiatna  in  the  national 
ooUootion. 

PUBU0AT1ON. 

Satialkctory  progieaa  haa  been  made  1>y  Mr.  Hodge  in  the  revision  of  the  proofs  of 
the  aeventeenth  and  eighteenth  annnal  reporta  and  in  the  editorial  work  on  the 
mannscript  of  the  nineteenth  annnal  report.  The  seventeenth  report  was  trans- 
mitted to  the  Public  Printer  by  the  Secretary  of  the  Smithsonian  Institution  on 
JnJy  6,  1S9T,  the  first  proob  being  received  on  September  20,  and  by  the  end  of 
June,  1898,  the  two  volnmes  comprlalDg  the  work  were  practically  all  in  type.  In 
addition  to  the  naiial  acconnt  of  the  operations  of  the  Bateau  the  sevout«enth  annual 
report  will  onntaiu  four  memolis,  bearing  the  titles,  "The  Serl  Indiana,"  by  W  J 
MoGee;  "Calendar  History  of  the  Kiowa  Indiana,"  by  James  Moouey;  "Navaho 
Houses,"  by  Cosmos  Mindeleff,  and  "Arohsological  Expedition  to  Arizona  in  1895," 
by  J.  Walter  Fewlcea. 

The  eighteenth  annnal  report  was  tranamitted  to  the  Public  Printer  by  the  Seore- 
tary  on  March  11, 1898.  It  comprises,  in  addition  to  the  report  of  operations  for  the 
fiscal  year  1896-97,  two  papers  entitled,  reapeotively,  "The  Eskimo  About  Bering 
Stnsit,"  by  E.  W.  Nelson,  and  "Indian  Land  CeesioDa  in  the  United  States,"  by 
C.  C.  Royoe.  Like  the  aeventeentb  annnal  report,  this  also  will  appear  in  two 
volumes.  Tbe  first  galley  proofs  were  received  ^m  the  Pnblic  Printer  in  the  latter 
part  of  June. 

While  all  the  material  for  the  nineteenth  annual  report  is  not  yet  in  hand,  satie- 
factory  progreaa  bos  been  made  in  its  preparation,  and  it  is  Iralieved  that  a  sufficient 
nnnsber  of  memoirs  have  already  1>een  received  &om  tbe  cullaboratoTs  of  the  Bnrean 
to  warrant  the  pablication  of  the  report  in  at  least  two  volnmes.  These  memoirs 
are:  "Cathlamet  Tcxta,"  by  Frant  Boas;  "Arohnological  Researches  in  1896  and 
]897,"by  J.  Walter  Fewkes;  "Tusayan  Snake  and  Flnte  Ceremonies," also  by  Dr. 
Fewkes;  "Localization  of  Gentea,"  by  Cosmos  Mindeleff;  and  "Aboriginal  American 
Arohiteoture,"  also  by  Mr.  UindolelT.  It  is  expeotod  that  several  other  noteworthy 
papers  will  be  received  from  their  authors  in  ample  time  for  incorporation  as  a  part 
of  this  report. 

BIBUOORAPHY. 

Aa  set  forth  in  a  previons  report,  tbe  bibliography  of  the  aboriginal  langnagee  of 
Mexico,  which  was  left  uncompleted  at  the  time  of  Mr.  Filling's  death,  haa  been  con- 
tinned  through  the  generoua  services  of  Mr.  George  Parker  Winship,  librarian  of 
the  John  Carter  Brown  library  at  ProvldeDce,  with  the  conrteons  permission  of  Mr. 
John  Nicholas  Brown.  The  nnnsaal  facilities  aflorded  by  tbe  excellent  library  under 
Mr.Winahip's  care  has  enabled  him  to  make  marked  progreas  with  tliJs  work  during 
fhe  fiscal  year;  much,  however,  yet  remains  to  be  done  ere  the  work  will  be  ready 
for  publication. 

MIBCELLAKEOt'B. 

library.— The  maintenance  of  the  library  has  continued  under  the  enpervlslon  of 
Mr.  Hodge,  and  the  distribution  of  tbe  pablicationa  of  the  Bureau  has  also  been 
conducted  ander  bis  direction.  At  the  cIo*ie  of  tbe  last  fiscal  year,  aa  mentioned  in 
th«  report  covering  that  period,  the  volumes  in  the  library  unmbered  7,138;  to  theae 
15^  Tolomea  have  been  added,  making  a  total  of  7,891  volumes  at  the  close  «f  tiw 
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;«H,    In  addition  BCTBrot  thonsond  puupUeto  and  loieiitiBc  periodicals  bavo  been 
raoeived. 

JIliwlnilicHM. — The  preparatiaii  of  the  illQBtratioDB,  inclading  the  pbotographio 
work,  WM  contioued  nsder  the  diraotion  of  Mr.  Wells  M.  Sawyer  until  March  17, 
1898,  when  be  resigned  to  accept  another  Federal  appointment.  From  that  time 
antll  the  close  of  the  year  the  preparation  of  iltnstratioDa  was  condncted  nndei  the 
able  supervision  of  Mr.  De  Lance;  Gill,  of  the  United  States  Geological  Surrey, 
through  the  courtesy  of  Hon.  Charles  D.  Wolcott,  director  of  that  Bureau.  Daring 
the  year  about  To  negatives  and  610  photographic  prints  wore  made  for  purposes  of 
lUnatration  and  exchange.  The  preservation  and  catalognlng  of  tbe  Bureaa's 
negatives  have  continued  with  the  aid  of  Mr.  Henry  Wultbev. 

Respectfnlly  submitted.  .T.  \V.  Powkll, 

Dirtclor. 

Mr.  S.  P.  Lanulbv, 

Secretarg  of  th«  Snith*onian  InitUutim. 
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REPORT   ON   THE   OPEKATIONS   OP  THE    INTERNATIONAL   EXCHANGE 
SERVICE  FOR  THE  YEAR  ENDING  JUNE  30,  1898. 

Sir  :  I  IiBve  the  honor  to  sabmit  the  report  of  the  International  EsctutDge  Service 
Tor  the  year  endiu);  June  30,  1898. 
Id  reaponw  t«  your  requeet  that  the  report  ahall  begin  with  the  following  Btat»- 


1.  The  uuonnt,  kinds,  aud  clasaee  of  property  belonging  to  the  EsobangeB; 

2.  The  amount  of  such  propoTty  acquired  daring  the  twelve  months  covered  by 
the  report; 

3.  The  extent  and  hind  of  improTemeute  made  in  the  building  and  gmunda  daring 
the  past  year,  and  the  estimated  cost; 

4.  The  extent  and  character  of  the  losses  of  property,  and  the  origin  and  caases; 
I  have  the  honor  to  say  that  the  property  belonging  to  the  lutemational  Exchanges 

is  contained  in  six  rooms  iu  the  basement  of  the  Smithsonian  building.  The  fami- 
toie  and  fixtures  consist  of  dealis,  sorting  tables,  raolie,  and  bins  for  the  assembling 
and  olasslficatiou  of  exchanges,  the  usual  appliauoes  of  a  well-equipped  office,  a  type- 
writer, shelves  for  directoties  and  reference  books,  and  several  Hling  casas  for  ays- 
tetnaticaliy  arranging  all  invoices,  letters,  and  the  card  record  of  exchange  corre- 
spondents. This  record  contains  a  complete  debit  and  creditexchaoge  account  with 
all  persons  or  institutions  corresponding  with  the  service  wherever  located,  and  at 
presentembracee  the  names,  addressee,  andreoordsof  all  paekageseent  to  or  received 
fiom  30,000  eorrespoudents. 

Aside  from  the  office  equipment  above  mentioned,  it  is  necessary  to  constantly 
carry  in  stock  bom  100  to  300  packing  boxes,  used  for  the  shipment  of  exchanges 
abroad,  wrapping  paper,  twine  of  various  sizes,  nails  and  screws  in  quantity,  ttoai 
40,000  to  60,000  manila  envelopen  of  various  sizes  and  weights  for  inclosing  l>ooks 
and  pamphlets,  a  large  supply  of  printed  cards  for  indexing,  catalogaing,  and  for 
the  acknowledgments  of  exchanges,  both  foreign  and  domestic. 

The  office  furniture  and  fixtures  represent  an  original  expenditnre  of  abonttl,SOO, 
and,  taking  into  account  the  depreciation  resnltant  &om  nse,  are  at  present  valued 
at  tl,200.    The  coat  of  stationery  and  supplies  on  hand  averages  about  $500. 

Daring  the  twelve  months  endiug  June  30,  1898,  the  cost  of  materials  purchaaod 
from  the  Congresaional  appropriation  for  that  year  aggregated  9938.18  and  ft'om 
repayments  $1,177.79. 

The  premises  occnpied  by  the  exchange  serrioe  are  the  property  of  the  Smithsonian 
Institution  and  are  assigned  gratuitously  to  the  exclusive  use  of  the  International 
Exchange  Service,  together  with  repairs,  which  are  made  by  the  Institntlon  aa  they 
become  necessary. 

1  am  pleased  to  report  that  during  the  past  year  there  have  been  no  looses  of 
property  aud  no  damages  lieyond  those  due  to  the  results  of  constant  nse. 

Concerning  the  operation  of  the  servioe  doring  the  year,  I  have  the  honor  to  report 
thatthetotalnamlHtr  of  packages  ftom  all  souroea  handled  was  84,208,  representing 
an  increase  of  3,016  in  number  aud  nearly  22  per  cent  in  weight  over  the  exchange 
shipments  of  the  previona  year.  Of  this  number,  58,640  packages  originated  in  the 
United  States  aud  were  forwarded  t«>  93  foreign  countries,  while  the  remainder  were 
received  i^om  40  different  countries  abroad  for  dlstribntion  In  the  United  States. 
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Tbero  baa  also  been  un  increase  of  1,450  in  tbo  number  of  cotTeapniidente,  fureigD  and 
domeatic,  which  noir  aggregate  nearly  30,000  oddreaaca,  reprMenting  practicall; 
every  civilized  part  of  tlie  world. 
The  work  of  the  service  is  succinctly  given  in  tbe  followin;;  table : 

TABULAR    STA-TKMBNT   llF   TIIR    WORK    or    THB    INTERNATIONAL    KXGHANIJK   t«EHVICE, 

IhinaiKlUmt  0/  Ikt  /nlernalionaJ  Eidianget  during  Vie  fiscal  gear  IS97-0S. 


i  Number,  W^^bt!^'""""" 
^  buSTed.  h^^rd,  •wtetfil 

""«"»■    vid"oi.. 

0  30.1808 
Domegtic 

TidQlIi.. 

PsckaRea 

im.         1            ! 

Jnll 1       7.Z56,      33.09! 

1 1 

S'PtO'nb.r i       3.48e 

l»,2« 

ZB.SOI 
B0,J52 

1 

1       ■ 

1 

WS8. 

1T.2W 
IG,ZU 
aj,74T 

-      1 

Febnury S.SS4 

1 

:;:;:::::::    :i :;:::: 

::::::""  1 

April 1       7.fW 

lUy ■       <l,«31 

ZZ.3B8 

Tot^ '      84.206 

301,472,      10.1BI       J.KHI      ]a,37B!       4.Jglr      ai,0S7 

1,330 

ie»«-B7 3,MB 

14.028:           TSI               m|           3eS 

Uaj     a!,HZ 

30 

For  the  purpose  of  compariHon  tbe  fol  tow  log  table  represeuts  the  nnmber  of  pack- 
ages of  exchangee  bnadled  and  the  Increaee  in  the  number  of  correspondent  each 
year  from  1892  to  1898: 


Nunibec  of  packki^  mvirsd. . . 
Welfilitar  puckiigeg  reixiveil... 

FoTBlgn  B«l«tim 0, 201 

ForeLgn  Individ  asbi ' 

DoineBtio  tocietiei I 

Domeatio  Individuals '      4,524  ' 

Packkges  to  domMl 

Cue*  ahlpped  abrw 


itasja. 

I89J-W, 

18M-BS. 

1805-IM. 

IS8S-R7. 

18t7-M. 

101.0.3 

n.sso 

107,118 

88.878 

81.183 

84,208 

2o^^^8 

135,028 

338,  »5 

268.731 

247,444 

301,472 

a,gM 

0,»1 

8,751 

8.023 

0.414 

10.  IBS 

g,SS4 

8,610 

9.009 

10.878 

2.4U 

1.020 

2,  on 

3,115 

3,445 

3,533 

s,oio 

8.8» 

4.138 

4,383 

U.4M 

32,  Ml 

20.111 

81,091 

33.810 

31,067 

878 

MS 

1,304 

1,043 

1.300 

1,330 

Tbo  expense  of  the  eiobaoge  system  is  met  in  part  by  direct  appropriation  by 
Congress  to  tbe  Smithsonian  Institntion  for  that  purpose  and  in  part  by  appropria- 
tions to  diffBrent  bnreaas  of  tbe  Government  for  rnpaymoDt  to  tbe  Institution  of  a 
portioii  of  the  coot  of  transportation,  the  rato  of  wbich  repayment  wm  "     '  '     "  '^ 
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Board  of  Begvotti  id  1876  at  5  oenta  u  poaod.  A  Bimiliir  vbarg«  is  alxo  mode  in  tb« 
case  of  State  iDBtitiitiona.  Uuriog  tbe  pa«t  year  the  total  nmount  available  for 
tlieeappoit  uf  tbe  servicn  aggregated  $25,133.33,  of  wbith  sum  $19,000  woe  appro- 
priated by  Congress  and  f6,193.33  was  derived  from  tepafmeiits. 

Tbe  appropriation  liy  Congress,  being  for  tbe  fiscal  year  ending  June  30, 18!K<,  and 
forming  an  Item  In  tbe  snndrj  oivil  act  approved  June  4,  1697,  was  made  in  tbe  fol- 
low ing  terms : 

"For  expenses  of  tbe  eystem  of  international  exobanges  between  tbe  United  States 
and  foreign  i-ouiitrien  under  tbe  direction  of  the  Sinitbsoniau  Iiistltntion,  incladiog 
saliiries  or  ronitwiisation  of  all  necessary  employees,  ninetei'n  thousand  dollars." 

'llie  receipts  and  disbursements  for  tbu  year  to  Jnly  1,  1638,  were  as  follows: 
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Tbe  list  of  ourrespoudents  at  tbe  close  of  the  yoar  conLained  29,456  addresaes, 
being  a  gain  of  1,450  over  the  preceding  year  and  of  4,544  over  18%.  The  number  in 
each  country  is  sbown  in  the  following  table,  which  also  well  illustrates  the  wide 
extent  of  tbo  service: 

Corre»po>ide<itii  of  the  /nlernaficniil  Exchange  Semice. 
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Comtpundrntt  of  the  Intemalioital  Exckaxgt  Service — Continued. 
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Tbe  followiDg  t>ble  ahowa  the  nomber  of  packaj^es  forwarded  and  received  dnr- 
illf;  tbe  year  b;  the  Departments  and  Bnreami  of  the  United  States  Government 
ttirougb  the  Smithsonian  Institution.  Those  packages  credited  to  the  Library  of 
CongresB  were  sent  in  conformity  to  the  act  of  Congress  of  1867,  which  provided 
flf^setsof  allofBoial  pnblicatious  fur  uatiunal  depositories  abroad,  while  the  pabU- 
oatioua  credited  to  other  branches  of  the  Govemmeut  were  contributed  direct. 


Statement  of  Goremntent  exoKange*  during  the  year  1897-98. 
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Slalement  of  GoFcTHmeiit  exehangti  dHring  Ike  gtar  1SH7-98 — Continned. 
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D  nf  the  nyetem  tnentioDeil  to  the  report  for  the  yearending  JuDeSO, 
ItiST,  a  comparative  Btateiuent  U  nppeniled  sboniug  the  ntimber  of  exchange  parcels 
diHtribated  between  this  and  other  coimlriea  dtiring  the  paet  tno  years.  It  vill  be 
observed  that  eleven  cciuntriee  partii'ipated  in  the  flervice  last  year  which  were  not 
represviited  in  1897. 

CoMparalire  alafemmt  of  paekagtf  receirtd  for  rranamiaaion  through  the  7«l«m<ilfon(ll 
Exchange  Serrice  daring  Ihejiical  yean  ending  June  SO,  1S97,  and  June  SO,  1898. 
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CoMparalive  slalftneal  of  packagtn  reetived  /or  traHtmiuiou  itroagli  the  IntfrnAtiMMl 
Kxdiauge  iServicr,  etc.— CooliDiied. 


liorwBj 

758 

a 

307 
4t 

tea 

«-, 

« 

»7 

O^l  nd 

63 

l,M2 

SmDM 

2 

r. 

M 

3Sg 

su 

I 

3» 

•1! 

52.  IBS 

m 

PKkigea 

p™.    I   f™^.. 

HI 

3»» 

^ 

50 

T« 

US 

to ' 

2.  DM 

.W7 

BO, 

2 

tM 

3t 

»    

2.751  j 

SO! 

'■™; 

SJS 

,g  

M»  . 

" 

11.057          & 

B.MO 

(IS  , 

U 

OT 

»7|.... 

HFKICIBNCY   OP  THE  BERVICB. 

So  far  ns  tbe  appropriatioiie  pertnitteil,  the  racilitiea  Tor  rapid  tranKpOTtation  of 
exchanges  liavo  bopn  improved,  bat  uutil  more  ample  funda  shall  be  made  available 
It  will  b«  neceBBary  to  coiitinne  to  rely  largely  upoD  tbe  libecality  of  tlie  several 
trans- oceanic  steamship  linea  wbicb  bave  for  eo  long  a  time  been  giving  Tree  trans- 
portation. 

Through  the  courtesy  of  tbe  Amerioan  Board  of  Cotnmi«aiouerB  for  Foreign  Mis- 
sious  and  the  Hoard  of  Foreign  Hluions  of  the  PreBliyterian  Charoli  in  the  United 
States,  package*  of  miiicellaDeoDS  poblioatione  are  forwarded  to  Turkey,  but  tbe 
tTansmisaion  of  United  States  Government  documents  baa  not  been  revived  since  its 
diecontinaanco  in  18%,  ns  explained  in  my  last  report.  The  eit-ensive  demand  for 
scientific  pablicatioue  from  this  conutry  is  expected  to  reanlt  in  tbe  ueu  ftiture  in 
tbe  estftblisbment  of  nn  eKcbange  bureau  in  Japan.  Unt-'  '  '  ~  le,  ot  at  least 
until  acme  responsible  institntion  is  prepared  to  ur  ^^'-'botion  of 

eiabangeo  intruded  for  that  country,  tbe  forwarding  o: 


abiGoO^te" 
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must  renwiu  iu  alM'jaiivi;.  NegotiatiuDB  »re  now  pendiug,  Ibrongb  the  intervention 
of  tbe  United  Stat<'»  miuiiter  to  Grceci-,  for  the  rbopeniog  of  exchange  relation!  nith 
the  National  Library  at  Athenn,  which  have  now  been  suspendod  for  seTerftl  youa, 
and  it  is  anticipated  that  Haliefbctory  arrangements  will  soon  be  couipleted. 

With  the  exceptions  mentioued  above  and  the  interruption  of  intercoiirae  with 
Spain  and  bur  colonies  on  aocoant  of  the  wur,  f  i^change  ri'lationa  throughout  the 
world  are  more  complet-ely  established  than  ever  liefore,  sod  it  ia  believed  tbat 
the  few  counectioDS  still  remaining  to  perfect  the  eystt'iD  will  be  made  at  no  distant 

For  manj  years  all  exchange*  for  A ustria-H angary,  Switzerland,  and  the  Balkan 
countries  have  1ii>cq  forwarded,  in  conjunction  with  Qemian  exchanges,  through  the 
agency  of  tbe  Institution  at  Leipzig.  This  indirect  system  of  tranamiasion  waa 
inangurated  at  a  time  wlien  the  total  amount  of  tbe  sbipmentH  to  tbonu  countries 
was  relatively  amall  and  the  practice  has  been  allowed  to  continue  in  view  of  the 
zealons  ami  cFBcient  manner  in  which  Dr.  Felix  Fliigel  has  performed  bis  dutiea 
as  agent.  The  rapid  incraase  in  recent  years  in  tbe  amount  of  work  at  this  agency 
has  made  the  burden  t«o  heavy,  however,  especially  when  taking  into  considera- 
tion the  formalities  Decessary  for  oleariog  and  transporting  packagen  between  Ger- 
many and  tbe  other  countries  tbat  participate  in  this  arrangement,  anil  rendered  It 
necessary  to  provide  for  more  direct  moaDs  of  communication.  Thus  it  was  found 
deeirablc,  as  snggeated  iu  my  last  report,  to  establish  agencies  in  Auntiia  and  Hun- 
gary, to  which  shipments  could  be  made  direct.  With  this  end  in  view  the  chief 
clerk  of  tbe  intemaliunat  exchangee  was  instructed  to  visit  those  countries  late 
in  the  snaimer  of  1697,  and  upon  his  return  to  recommend  the  dusignaticin  of  suit- 
able agents.  As  a  result  Dr.  Joseph  von  Koriisy,  directorof  tbe  Statistical  Bureau 
of  Budapest,  and  tbe  Imperial  Royal  Ceutral  StatiHticat  Commission  of  Vienna 
were  appointed  agents  of  tbe  service,  thus  eliminating  tbe  entire  territory  of 
Auatriii-HiiDgary  flroni  tbe  Jurisdiction  of  the  overbordened  agency  at  Leipzig.  In 
aildition  to  securing  those  new  agents,  the  repTesentatives  of  the  exchange  service 
at  Leipzig,  Urusscls,  i'aris,  and  London  were  visited  and  much  valuable  information 
obtained,  which  has  already  been  productive  of  many  improvements  iu  the  service. 

Messrs.  William  Wesley  &.  Son  and  Di.  Felix  Fliigel,  the  agents  of  the  exchange 
service  atXundon  and  Leipzig,  respectively,  have  been  so  long  identified  with  tbe 
Institution  that  no  comment  as  t«  their  clbcicncy  or  faithful  service  ia  necessary. 
Great  credit  is  due  the  clerical  force  of  the  exchange  service.  While  tbe  work  is  at 
times  burdensome  and  requires  extraordinary  effort,  the  force  has  always  been  found 
equal  to  any  emergency. 

The  following  list  repreaents  tbe  names  of  companies  and  other  medinnisof  trans- 
piirtatiou  that  have  aided  tbe  Institution  dnriug  the  past  year  in  the  transmission 
and  distribution  of  exahangeN,  either  without  compensation  or  at  minininm  rates, 
some  of  which  have  extended  e<iual  courtesies  to  the  Institntioo  for  many  years : 
American  Board  of  Commissioners  for  Foreign  UiasiouH,  BoRton,  Hass. 
Amundsen,  L,  0,  G.,  luting  consul  of  Denmark,  New  Vork. 
Atlas  Line  of  Mail  .Steamers  (Pim,  Forwood  3c  Kcllock,  ngenta),  New  York. 
Bonnl  of  Foreign  Missions  of  tbe  Presbyterian  Charch,  New  Vork. 
Caldvron,  Climaco,  couHul-gi-neral  of  Colombia,  New  York. 
Compagnie  Q<<ni<rale  TTanBatlanti([ue,  New  York. 

Cnnanl  Steamship  Company  (Vernon  H.  Brown  A,  Co.,  agpnta).  Now  York. 
Eddy,  Thomas  A.,  conxnl  of  Urnguay,  New  York. 
Grace,  W.  R.,  &.  Co.,  New  York. 
Hamburg- American  Line,  New  York. 
Hensel,  Bruckmanu  &  Lorbacber,  New  York. 
Hoi  I  and- America  Line,  New  York. 
Mediterranoan  and  New  York  Steamship  (^ompauv  (Phelps  Bros.  &  Co.,  agentti),N«w 

York. 
Hurguiondo,  Prndencio  de,  consul -eencrnl  of  CruEuav,  Baltimore.  Md.     ^-^  i 

Google 
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Navitrro,  -fiiuD  N.,  cud  a  til -genu  ml  of  Mexio<',  New  York. 

Nortli   German   Lloyit   Stcumxhiii  Cuuipuoy  (Oelricbs  &   Co.,  New  York,  aad  &., 

Scliuiuacber  &  Co.,  Itnttimore,  aj^Dtn). 
Panaina  Kailroad  Stcamxhip  Line  (W.  J.  HerroD,  agent).  New  York. 
Peraza,  S.  Bolet,  coDBul-general  at  San  Salvador,  New  York. 
Perry,  Edward,  &.  <:o,,  New  York. 
Red"D"  Line  of  Steamsblpa  (Bonlton,  Bllsa  &  Dallett,  general  managera), New 

York. 
Red  Star  Line  {IntematioDal  NaWgation  Company,  agento),  New  York. 
Rilhl,  Corloa,  consul -general  of  Argentina,  New  York. 
Santos,  Alejandro,  conBul-general  of  Bolivia,  Nen  York. 
Sti! wart.  Job D,  coDBiil-KeuHTal  of  Paraguay,  Washington,  D.  C. 
Taveira,  Lnie  Augnsto  de  M.  P.  de  A.,  cotiHiil-general  of  Portngal.New  York. 
Woxen,  Karl  O.  M.,  conniil  of  Sweden  and  Norway,  New  York. 
Yela,  Jiiliua,  chancellor,  consulate  of  Ouatcmalu,  New  York. 

Tlie  following  in  a  list  of  the  Smltbiooian  correapondenta  acting  as  distribating 
agvntx,  6r  receiving  publications  for  transinliwion  to  the  United  States: 
Algeria.     (See  France.) 
Argentina:  Mnseo  Naciooal,  Buenoe  Ayres. 
AoBtiia:  K.K.Statiatiscbe  Central-CoromUsion,  Vienna. 
Brasil:  BIbliotheca  Nacional,  Rio  de  Janeiro. 

Belglam:  Commission  des  ficbanges  Intemationaui,  Rue  da  Ha»<e,.'i,  Brussels. 
Bolivia:  Univeraity,  Cbuqulsoca. 
British  America:  Packages  sent  by  mail. 

British  Colonies :  Crown  Agents  for  the  Colonies,  London,  England. 
British  Guiana.     (See  British  Colonies.) 
Cape  Colony:  Colonial  Secretary, Cape  Town. 
Chile:  Unlvursidad  de  Chile, Santiago. 
China:  Zi-ka-wei  Observatory,  Rbangb^. 
Colombia:  Biblioteca  Nacional,  BogotA. 

Costa  Rica:  OGcina  de  Dep<>sito,  Reparto  y  Cai^ie  Interna  clonal,  San  Joa6. 
Denmark:  KoDgelige  Danske  Videuskabernes  Setskub, Copenbageu. 
Dntcb  Guisna:  Snriunamsche  Koloniale  Bibliotbeek,  Paramaribo. 
East  India :  Director  General  of  Stores,  India  OfBce,  London,  England. 
Eonador:  ObHcrvutorio  del  Colegio  Nacionitl,  Quito. 
Egypt:  SiioUU-  Kh^diviale  de  Gi'ograpbie,  Cairo. 

France:  Bureau  Fran ^ai a  dee  Echaoges  Iuternationaui,110  Rne  de  Qrenelle, Paiia. 
Germany :  Dr.  Felix  Flilgel,  Schenkendorf  Slraase,  9,  Leipzig. 

Great  Britain  and  Ireland:  William  Wosley  A  Son. 28  Essex  street.  Strand,  London 
Qnadeloiipe.     (Set  Fiance.) 

Guatemala :  Inslitoto  Nacional  de  Guatemala,  Goatemalu. 
Haiti:  Secretaire  d'Etat  des  BelatiouK  Exl^rienres,  Port  au  Prince. 
Honduras:  Biblioteca  Nacioual,  Tegucigalpa. 
Hungary :  Dr.  Joseph  von  Korosy,  "  Redoute,"  Budapest. 
Iceland.     (Stt  Denmark.) 

Italy :  Biblioteca  Nazionale  Tittorio  Emannele,  Rome. 
Japan:  Minister  of  Foreign  Ail'aln, Toklo. 
Java.    (5m  Netherlands.) 
Liberia:  Liberia  College,  Monrovia. 
Madeira.     {See  Portugal.) 
Malta.     (See  British  Colonies.) 
Mauritius.    {See  British  Colonies.) 
Mexico :  Packages  sent  by  mail. 
Uoiambiqne.     {See  Portugal.) 

Natal:  Agent-General  for  Natal,  London,  England. 

Netherlands :  Bnrt'aii  Scientifique  Centiiil  NYerlandais,  Den  Holder   .,  . 

Newfonndlaod :  Trar  ism  Iks  ions  neiif  direct  l.y  mitil.  CiOOQIc 
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Nbw  Soath  Wales:  (•overuDieut  Itoonl  for  lDt«matioDftI  EichangM,   Free  Public 

Library,  Sydney. 
Now  Zeulaud:  Colonial  MnwDDi,  WeDington. 
NicuagDa:  Hinialerio  d«  BelaciooM  Ezteriore*.  Maoagaa. 
Norway :  Kongelige  Norsbe  Frederiks  UnWeraitet,  Cliriatiaiiia. 
Paragaay:  Oovemment,  ABunfion. 
Peru:  Bfblioteca Naoional,  Lima. 
Philippine  Islands.     (Sm  Spaia.) 

Polynesia :  Depsituent  ot'  Foreign  Affairs,  Honoluln. 
Portntcal:  Biblinteca Naciooal,  I.ialion. 
Quoensland :  R eg Islrar- General  of  Queenslanil,  Briabane. 
Bonmania.     (-Sw  Germany.) 
Boaaia:  ConimiasioQ  Rnsae  ilea  Ecbnugf^tt  Intematlonanz,  Bib]ioth^qao  Impi^riale 

Palilique,  St,  I>et«rBl)urg. 
Saint  Helenit.     (Set  nritlxh  Ooloniea.) 
8aii  Salvador;  Mnaeo  Nacional,  San  Salvador. 
Servia.     (Sfe  Germany,) 

Siani :  Board  of  Foreign  Hissiona  of  the  Preabyteriau  Cbarch,  New  York. 
Sonth  Anatrslia:  AHtrononiioal  Obaervatory,  Adelaidr. 
Spaip :  Ku.ll  Academla  de  Ciencias,  Madrid. 
Sweden :  Kongliga  Sveoalia  Vetenskapa  Akadeniien,  Stiickholiu. 
Switzerland:  Bibliothrqne  Fikl^rale,  Rem. 

Syria:  Board  of  Foreign  Hiaaions  of  the  Preabjtorlan  Cbnrch,  New  Yiirk. 
Tasmania:  Royal  Society  of  Taaroanla,  Hobarton. 

Tnrkey ;  Amerit'an  Board  of  Coumiaaioneia  for  Foreign  Miaaiooa,  Boston,  Haas. 
Uruguay :  Olicina  de  DepOsito,  Reparto  y  Canje  lnt«ruacional,  Mant«Tideo. 
Veneznela:  Unseo Nacional,  Car^icaa. 

Victoria:  Pnblic  Library,  Museums,  and  National  Qallery,  Melbourne. 
Western  Anstralia:  Agent-General,  London,  England. 

lyanintiinoni  0/ exchange*  lo/ortign  pountritt. 
Country.  Date  of  tnonniHlan. 

ArgdnUna July  *a,  SFplrmbcr  £S,  Drceniber  18.  iO/l;  Febnui7  11,  June  HI.  tlM. 

Aiutrla Ju]y2,14,  Za,  IS,  AngnatlO.K,  3eplemlHT»,t<>.OaUbcrII.S3,  NoTcn- 

berl.lW;. 
Belgfum Juljia.  U,  September  11,  16.  0<:toberl«.  November  IT,  27.  1807;  Jun- 

uy  S.  27,  March  (.  May  10. 26,  isae. 

BoUtU '  Seplenib«2S.lBff7;  JuDelO,ime. 

Brull Joly  20.  September  33,  Decemlwr  IB,  ll»7i  Febmary  II,  Jnne  ID,  IBW. 

BrItUh  coloulea AiigmitS.  Sepl«uber  It.  Deoember  II.  1897  i  March  a,  May  24,  June  28, 

IHM, 

Cape  Colony j  SeptenlKr  37,  Deoember  11, 18»;:  June  IS,  IBM, 

China January  3,  June  2»,1«»8. 

Chile I  July  SO.  Srplember  13.  DecemberlS,  ie»T^  February  11.  June  10,  laW. 

Colonbln I  JniyaO,  September  23.1897^  Jane  10,  1888. 

CoataBles September  24,  December  22.  IgtT;  June  13,  IBM. 

Cnba '  February  23,  IBM. 

Denmark '  Augnat  l.Seplember  ll.Norember  10.30,1807:  January  B,Marcb  It. 

May  lB,JuDe21.I8«S. 

ButlodI* Auguet  A.  September  27.  December  8,1S97{  February  l^May  U.Jddo 

1      28,  IBM. 

B(7Pt S«pteniber2T,  Dw:emberll.lB»7;  Jnnel9,UM. 

Tranoeaad colonies '  July  B.28,Angnal  1, 14,  September  lS,lg.October  15,I£,HoTember  MO. 

23,3a,Decemher2.1i.l8V7i  January4,28,Febmary2S,Marchie. April 
I      3>,Jnnel,18,2MgB8. 
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IVanmiiinoiiK  a/arcAangu  to/ortign  couNlrir* — CoDtiuaed. 

CuDDtry.  I>mtii  of  trmosmiuion. 

Gennmy July  2.1t,2a,  Aupiit  10,  I4,S«pUimlHr  ■,ia,Ocli>berll,2S.N<iTenil 

19,  Zi,  31),  DecciDber  2. 15,  ISVT ;  Jannarr  S.  U.  Ftbntiy  1. 2«,  Man 

24,  May  3,]gne  2, 18, 27,  ISM. 
Qreal  BiiU<n  inil  Inlanil  ..     July  0.10,3],  Aiignstfl,  U,  September IV.  IB,  October  IS.  W,I*.  Nore 

9,23,20,30, December  2,8,11,28.1891^  Jaunary  13, II, !4. Febroa 

15,  IS.  March  B,  April  2K.  Hay  16. 24.  Jann  4.  IS,  :s,  IBS8. 

QDBt«niaIa i  September  21,  1897;  Jo  ne  13. 1808. 

HoDdniaa J  une  13. 18BII. 

Hungary Febrnary  2,  .TnDe  17,1898. 

Italy July  B.ai.Aogmt  IB,  Seplember 

cembarl.a.llWT;  JaniiaryT.Fel 

Japan i  Deo«nb«r  8, 180T ;  June  10, 18*8. 

Liberia '  Uewniber  11.1897;  June  IS,  1898. 

Ueiica (By  registered  mall.) 

Natal December  11.1897:  JonelS,lSS8. 

Mew  Sonth  Wale* July  23,  September  21,  December  21. 1897 1  May  SI,  1898. 

KetberlBBda July  *,AagiiBt  8,  September  13,  November  IT.  27.  Dscvmber  1.  1897; 

JsDDary  10,  Marcb  S,  May  12,  June  21,  1898. 

New  Zealand Jaly 23,  September 27,  Decembers!.  1897;  May  24,  1898. 

Nicaragua Srptember  24,  December  22, 1897 ;  June  13, 1898. 

Norway September  13,  Kovember 27,  Deoember1,lS97;  Jauoary  ll,Mayl9.  June 

<       17.1X91). 

Pern July20,SeptfiiDbet23,DecemberI«.I897;  June  10, 1898. 

PolyoeaU July  23,  PeceniberI4,  1897;  May  24, 1898. 

Portugal September  14,  Novetnber  30,  IB97;  January  12,  May  1, 1898. 

Qneensland Jnlj  23,  September  27,  Norember  9.  December  21,  1997;  January  24. 

Marcb  «,  May  4.  June  18,  1898. 

Koumania (Ineladed  lu  Germany .) 

Rnaiia I  July  10,  ADga>t2,Seplember  13,  IS.  October  IS, November  19.27,  Decern. 

ber  1,2.1897;  January  lO.Febroary  3. March  S.May 0.  June 21. 1898. 

San  Salvador i  Sept«uber  24. 1897 ;  June  23, 1898. 

Servla (Included  In  Germauy.) 

Sooth  Auatralla July  23,  September  27,  December  24, 1897;  May  24, 1898. 

ilpolu I  August  17.  September  14,  November  20.30, 1S97;  Febraary  10,1898, 

Sweden July  10.  Auguat  2,  September  IS,  October  IS.  November  19.27.  December 

I      1,2.1897;  January  lO.Febrnnry  3,  Uaroh  S.May  6.  June  28.1808. 
SwHierUud Angnet 2, 17.September21, October 2T, November  27.Deoember  1.1897i 

Jaonar)  8,  Uarob  7.  May  10,  June  21, 1898, 

Taanaola December  24, 1807. 

Torltey '  January  12,1808. 

Dmgnay September  23,  December  18,1897:  February  11,  June  10. 1898. 

TenetuelB July  2a,8eptember23,  December  18, 1897;  Jane  10. 1898. 

Victoria July  23,Septeniber  27.D6ceniber!4, 1897;  May  24, 1898. 

Weatem  Aaatnlla July  23.DBC«mberai,  1807;  May  21.1898. 

Th«  distrlbntioD  of  excbangea  to  foreigo  coantrieo  was  made  in  1,140  cbsob,  repre- 
oeoting  219  tranBmiBsioDS,  as  follows: 

Argentina M  Brazil  15 

AoBlrla 61  BritiBh  America  a 

Belgium 37  British  Colonies 11 

Bolivia 2  Cape  Colon; 6 


a  Packages  sent  b;  mail. 
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2  I  Naw  Zealand 8 

Chilw 11  >  Nicara)(ua i 

Colombia 3  ,  Norway 15 

CoBta  Rioa 5  '  Pern 4 

Cnba 5  I  Polyneaia 3 

DanmaTk 16     Portagal.. 


.  East  Itidift 14  Qaeeosland  ... 

Egypt 4  Ronmaniab  ... 

France  ao  A  Colonies 129  RnMia 

Oerraany 182  San  Salvador.. 

Great  Britain  and  Ireland 276  Serviab.. 


14 


Onatemala 

Honduras 

Hnugary 

Italy 

Liberia 

Mexicoo '  Umguay 

Natal 2  Venezuela 

New  Sontb  Wales 13  i  Victoria 

Netberlands 24  |  Western  An stralj 


Sonth  Anstralia -. 6 

Spain 11 

Sweden 28 

Switzerland 33 

Tasmania 1 

Turkey  1 


a  Packages  sent  by  mail.  b  Included  in  transmiesiona  to  Germany. 

Slilpmente  of  United  States  oongresaional  pnbliratioDS  nere  made  on  October  1, 
1897,  Jannar;  19,  1896,  and  April  19,  1898,  to  tbe  governments  of  the  following- 
named  countries: 

Argentina.  Denmark.  Netberlands.  South  Aostralia. 

Aostiia.  France.  New  Sonth  WaloH.  Spain. 

Baden.  Germany.  New  Zealand.  Sweden, 

Bavaria.  England.  Norway,  Switzerland. 

Belgittm.  Haiti.  Peru.  Tasmania. 

Buenos  Ayreit.  Hnngary.  Portugal.  Uruguay. 

Brazil.  India.  Prussia.  Venezuela. 

Canada  (Ottawa).  Italy.  QueuiiHland.  Victoria. 

Canada  (Toronto).     Japan.  Russin.  Weetern  Australia 

Chile,  Mexico.  Saxony.  Wilrttemberg. 
Colombia. 

A  special  shipment  was  mode  to  Western  Anstralia  on  June  23, 1898, 
Shipments  bi  Greece  and  Turkey  have  been  temporarily  suspended,  and  the  ship- 
ment of  April  19  was  uecesearily  witlihaid  ^om  Spain. 

JCetMini  ulation , 

Total  Government  Hhipmente 190 

Total  mi  see]  laneone  shipments 1,140 

Total  ahipment« 1,330 

Total  shipmente  last  year 1,300 

Increom  over  last  year 30 

Respectfully  submitted. 

Richard  Rath b on, 

Aiintla*t  StereUay. 
Hr.  S.  P.  Lanolby, 

Searelarji  of  Ike  Smitkumian  Intlltution. 
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8ik:  1  hRve  th»  honor  to  Hobniit  th«  report  of  the  National  Zoological  Park  for 
the  year  eoiUug  June  30,  ltt98. 
Ill  reHpouM  to  yoQT  requeat  that  the  report  shall  begin  with  the  following  state- 

1,  The  amoUDt,  kinilB,  and  clostea  of  property  belonging  to  the  Park ; 

!1.  The  amount  of  aaoh  propsttj-  acquired  during  the  twelve  moDths  coTered  by 
the  report ; 

S.  The  extent  and  kind  of  impniTenients  made  iu  the  bo ildingB  and  grounds  during 
the  past  year  and  the  estimated  ooat; 

4.  The  extent  and  character  of  the  loBsea  of  property  and  the  origin  and  canaea — 
1  have  the  honor  to  aay  that  ut  the  end  of  this  period  there  were  in  the  pork  tbtr- 
teeu  iMilldluRH  for  aalmale.  which  have  cott  abont  $50,000;  eii  hnildings  for  admin- 
ietnttlre  piirpoera,  coating  about  (9,000;  fencei  an<l  outdoor  iDcloanree,  coating 
about  K)0,000;  machinerj-.  toolB.  and  implemente,  valaed  at  $2,000;  borwe,  valued 
at  <88&;  otHce  furniture,  Sxtures,  and  books,  worth  aliout  $950;  and  nuraeriea  of 
tTMeaud  shmltB.' estimated  at  (I.OOO.  Tbefalae  of  the  roadways  conatmcted  in  the 
park  ■inc<>  lt«  occupation  by  thi>  GovemmeDt  ia  about  135,000. 

The  collection  of  living  animals  used  for  purposes  of  exhibition  comprised  549 
speclmeDs,  embmcing  134  sptvies,  moet  of  which  were  the  property  of  the  Govem- 
neat.    The  Mtiniated  ralne  of  Ibe  animab  owned  by  the  Government  is  $35,000. 

There  wiu  aei|atT«d  during  the  twelve  months  covered  by  this  report  property 
awoMUtiiig  to  about  fll.OOO,  about  $6,200  being  for  bnildiugs  and  $2,300  for  animals, 
jaeladtng  their  transitortatioD.  A  oi>nsiderable  nomber  of  animals  were  presented, 
Ihc  mi«l  valnaUe  of  theae  being  a  Virginia  deer,  s  eapnchiu  monkey.  2  coyotva, 
BOOM  rorkaloiM  and  maoava,  the  white  and  the  wood  ibis.  The  herd  of  bison  bow 
couipriAFs  10  Bperimeaa,  ainl  as  they  s^em  to  thrive  in  captivity,  it  in  hoped  that 
they  may  be  inrivfiDitely  perpetuated.  It  will,  no  doubt.  oAen  be  desinblo  to  croaa 
this  heni  with  olhen  in  or4et  to  prevent  the  evil  efferts  of  loo  close  breeding. 

Twelve  animab  have  hKtl  in  the  park,  prodoein!;  an  aggregate  of  3S  birtho.  A 
frw  aainuils  wirtv  rts^veil  fnm  the  Yellowstone  Park,  among  which  wtte  9  apeej- 
■atWf  of  the  AniTtican  white  polirao. 

.V  ntOMdrrtbW  i«pr«v««e<it  kM  b««n  edecled  in  the  bnibtiDiT'  by  renMring  the 
grwip  itf  shuiw  aatd  thepropetly  lanl  ftum  the  j'nxniBeot  placr  which  they  >>nupied 
*«  the  NunhwanI  uf  tbe  main  bnildiQ^.  Il  ww  aevei  intraded  that  thi«  sh.-cld  be 
adupMil  as  tW  pMBaae*!  ?iinatik>a  ot  thvev  bniMtn^Ts.  and  ^  Ibe  devir!->piBeat  oi 
ttw  park  p»»H»d*d  thi-it  latrasHtn  brraoM  amrp  and  more  irksocvr.  >««iw  cv^c^idac^ 
abW  lUnrally  waa  exprrteu.-nl  in  prvpedy  kieaiinx  ihv  ^-  ps.  li  i»  necvssary  that 
tWi  ahuaild  W  rwawaieatly  aevvKs^oIv.  ami  at  ih«  msc  tiBw  wh«cc  ihcy  d*  aM 
narkvilly  atlrvct  p«Mir  siiPBtiva.  AArr  rarff-'.:.!  wr^jhin^  all  prKii'.-ab>  lor*. 
twBs.  il  WW  bcuUv  itwMed  ih^l  the  l<nM  ptm  w»  oav  vf^.~A.lT  propoMii  by  Mr. 
OlMMwd.  whtvh  i«  <*  thw  baak»  »!'  Ktf<k  Crrek.  a  tew  baadml  yard^  I'o^-Tr  iW 
l^watvy  K<Md  MM^w.  «*«  £at  (Kwa  lb«  p>»!4evk:i  Kw  >ieei  a=<i  Uiau^  t^vi:  »::xa- 
tM«  i*  wi**  xvty  ■KiUbx'  tMT  aa:=i>ui..  .uni  i«  n-'t  in  73b:x<  vr-^-v  'cvoi  :^-^  tiMt  rv*^ 
A  )«■;$.  Ww  V,::,:^^^];  wwt  katw  etevtml  tv  nrrvit  a*  a  c»»«c;«f'  :&»!  bl^-kss:;^  »WpL 
It*  v«rt  wav  akvat  f  t.i,m. 
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~  Tbfl  ground  vacated  apoo  the  hill,  which  u  000  of  the  aoBt  deairable  Hitee  in  the 
park  for  buildings,  was  imed  for  the  ereotton  of  a  largo  shed  siiitalile  for  herbivorona 
animals  reqainng  a  nio<lerate  degree  of  heat.  This  Iioaee  is  abont  40  by  100  foet 
with  a  wing  30  by  40  feeL  The  small  butd  available  made  it  DooeHsary  to  limit  the 
coDStTDction  to  bare  ■eeeesitiea,  It  was  therefore  impossible  to  lay  a  door  or  to 
hnlsb  the  interior  in  any  bnt  the  rongbest  manner.  Eventually  this  honse  will  be 
nveil  mainly  for  luob  aoliDala  aa  antelopca  and  tropical  deer.  It,  is  tbereforo  known 
an  the  antelope  house.    Its. cost  was  about  93,600. 

The  aquarium  received  fVum  the  Atlanta  ExpositioD  was  parti;  set  op  in  oue  of 
the  abandoned  alieds.  About  $200  was  expended  <in  this  daring  the  year.  In  order 
to  obt»lD  a  suitable  person  for  keeping  this  aqnarinm  a  competitive  examination  woa 
held  by  the  Civil  Service  Commission  and  the  anccMsful  competitor  was  finally 
appointed.  The  first  tanks  to  be  eatabliahed  were  those  for  l^^iBb  water.  Theee 
have  tieen  fed  by  water  from  the  city  maioa,  bnt  as  this  is  frequently  very  turbid  it 
became  necessary  to  use  an  alum  Alter  for  the  pnrpuse  of  clearing  it.  This  in  ills' 
advantageooe,  as  it  requires  constant  care  and  watch  fulness  to  prevent  an  excess  of 
the  salt  impregnating  the  water  and  injuring  the  fish.  It  is  thought  that  a  more 
•atisfaotory  water  snpply  can  be  obtained  by  sioidng  wells  near  the  oreek  and  forc- 
ing the  water  to  (he  aqnarinm  by  a  pnmp. 

A  new  deer  paddock  was  established  daring  the  year  upon  the  high  gronnil  near 
the  western  entrance  at  a  cost  of  WOO.  The  cold  damp  exposure  near  the  oreek, 
where  the  paddocks  have  been  sitnated,  is  found  to  affect  the  health  of  the  animals. 

Small  shelters  and  alterations  amonnting  to  $700  were  made  dnring  the  year. 

There  was  expended  npon  the  continuation  of  the  road  along  the  meadow  and  its 
slopes  M,800.  BepairB  to  existing  roods  aroonnted  to  abont  $1,000.  Upon  walks 
there  was  spent  (650. 

The  seeding,  planting,soddiDg,  and  improvingof  gronnds  cost  lu  the  neighborhood 
of  «1,200. 

CoDSiderable  deterioration  in  the  buildings  and  incloeures  of  the  park  has  occurred 
during  the  year,  due  in  great  measure  to  the  temporary  character  of  those  structures. 
The  elephant  bam  is  still  in  u  very  serious  condition,  the  floor  in  the  principal  ani- 
mal houae  greatly  needs  to  be  wholly  replaced,  and  the  smaller  buildings  and  cages 
must,  many  of  them,  soon  be  entirely  rebuilt.  The  bridge  over  Kock  Creek  near  the 
Qnarry  road  shows  signs  of  decay  in  some  of  its  principal  timbers,  and  will  noon 
have  to  be  replaced  by  a  mora  permanent  structara.  It  Is  estimated  that  this  will 
cost  about  98,E00. 

The  losses  of  animals  were  no  greater  than  is  usnal  among  animals  kept  in'  con- 
finement, although  several  of  the  buildings  are  by  no  means  suitable  for  the  animals 
confined  In  them.  Tropical  birds  and  monkeys  necessarily  snffer  when  placed  in 
bnildings  that  are  not  kept  at  a  ronslant  temperature  of  at  least  70".  It  is  hoped 
that  houses  specially  adapted  to  theee  claases  of  animals  may  be  erected  in  the  park 
at  no  distant  day. 

I  append  herewith  a  Hat  of  the  animals  In  the  park  at  the  close  of  tbo  year;  also 
IS  from  variouH  sources  during  the  year. 

Animali  in  the  National  Zooiogiaal  Park  June  SO,  ISSS. 


Nuns. 

"c-j 

Name. 

bar. 

AmMlCMibtMni(£iMmiH»r>«>nw) 

10     Americi 
S      Virgin  1 
lU  .,  SoUd-lH) 

4  '       latai 
1  '   PeocMT 

I^itnaMopeUntiUveturricapra) 

J  ...kw.  J!^^ 

U«^-,.. , (.^j^ 

l).jl 
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Indian  elsphaiit(£l<pA(uindiw() 

LioBlFtUiIeo) 

Tigfir  IFrtittigrit) 

Leopaid  (fVIuporiliu) 

Pumm  (fWu  fBBeolor) 

Spotted  lyai  (Lynx  rufiu  maeutttlv^i 

Spotted  byena(£v(nia  erocuUi) 

Ruutuiwalf  LouDd 

SMghDUDd 

MitUff 

St  Baniarddog 

PolntT 

Cheupeake  Biy  dog 

Bedtinf-ton  lerrl«r 

Wire-haired  foi  (errier 

Brown  French  poodle 

Etklmodug 

Qra.V  voiUCanvi  lapttt  jTriMo-oUw) 

Blukwolr  franit  lupin  ffTitet-albv} 

Coj-Dlo  iCaaii  lalram) 

Red  foi  ( Tidpti  pmtuyleanimi} 

Bwitltoi  irulptivrtox) 

(iray  foi  fUrocycH  fiaereo-argtntcut) , 

UoDiEOOse  illfrpata  mungo} 

T»yr«  ( (lalitHi  ftorftoroi 

Nortb  AmericB4i  oltcr  {I/aira  Audnirienl . 
American  badger  ITalidiv amtritanaj  ... 

Einkajoii  (Ctreoltpta  catidaolviilut)    

Cray  coatl-m.indi  (,Vomo  nor«™i 

Raccoon  {Procf/onlotori.............. . 

Black  b™r(rr™«om*ricanM) 

Qrittly  bear  {Crtvi  korritUit) 

Calirurnia  aea  lion  IZalophia  talifomiaati; 

Macaque  monkey  (lfaeii™»(snatiioIii««).. 

Bonnet  monkey  (Jfococu  tinietw) 

HbeauB  monkey  (J/aMct«7A«iul 

Alblniirat(«i«rfltttM) 

AmericBO  beaver  lOmfo-'jIin-l 

Woodctaock  /.Arctomyt  inanax) , 

Prairie  dog  ( C'ynomyi  ttidoirieiiinui) 

Red-bellied  sqalirel  i^unuauniifruM-).. 

Foinqnlrrel  (Sriuraj  nigtr) 

Gray»quirrel(5riiiriniran>Knn«it) 

Created  porcnplue  (Uyttrix  critlala) , 

Canada  porcnplne  (Errtkiim  dorialu*) . . . 

Created  agouti  (Daiyprocta  crtttaiai 

Hairy- rum |ied  agouti  {DatypmtU  prynt. 

Ueilcaii  agoaU  {Datyprntla  tatxicana) 


A£aTa>  agouti  {DatyproHa  ainfa)... 

';  Guinea  pig  (CouiopoireJlM) 

,'  Kortbern  varying  bare  (isjimawiirioaiiia). 
'   Rooky    Mountain   varying    bare    (iepM 

'.      a?n"U'aniu  bairdiH 

]\  Engllali  rabbltli^iMcunleutut) \ 

Angora  rabbit  (/rfjjut  cunicHlu) , 

:l  Sii-banded  armadillo  (Sctypiuiezcinlttu). I 

ll  PcbaanuadilloinilHtianDDnncinela) 

I   Gray  kangaroo  tMacTopu4  tp.) - 

l)i'Uib-talledrockku>gan>D(FirrD>ral(pm- 


(Xvei/raga  Columbia  ii 


to  parrakoet  {Conur 


tevailbnt'aamBioD  UmaHmalnaOiiind'). 

]  Gray  parrot  (/^rittanueriOaetu) 

.   Gieal  homed  onl  <£iih>nr^{anu) ; 

Jlarred  nwl  (Svi-mnm  nrbalottun} ' 

.   Btld  e^ijile  iBaliaxtui  Inrocfpllalui) " 


Turkey  vu 

lureiCotAarfriat. 

Ring  dun 

Cotumbapaiuml, 

Chacbalac 

lOrtaUt  ttmla  «u 

Leaaerraic 

1  I   PeatovliPatocriitaItu) 

t  I   SandblU  crane  Iflrui  Rirzicana) 

I    .  Whooplnccrane  (Orujamericanaj .- 

1   I  Great  blue  heron  lArdea  herodios} 

■a      Black- (TO H-ned  night    beroo  {A'vcfieonu  i 

8   I      nvrfiCDroie  n«i>u«) 

a      Wood  Ibl'irantafiwlaniliMar) 

3      Wblsllin*; BWiui  (OIorcoIumManiu).. 

1   ,  UmIB  iiwaD  iOyffniu giblnu} 

1   '  Braol  I  Jtrnnta  Iwmicia) 

ID  \  Caoaila  geoge  (Branlaconadmni)... 


•nlif )  . . 


™eMf 


cv^Baidn) 

Amersp.) 

Dendronena  gaifrieuUifa )  - 


Gooi^lc 
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jHimalt  tn  the  National  Zoalogital  Park  June  SO,  189S—CfmliaatA. 


>ii  iliuk  (J 


vfaita  pelican  {i'sfHOHiuirjrUra-' 
«) 

herring  giiW  {Lamt  argmialMt 


Alligator  UIUBOmr 

i>D*ppiiiK  turtle  ICMi/dra  trjiniliniit 

Painted  tartlelCArvHinifipKlal- 

Uuik  turtle  tArenuKhtlit oderela)... 


Uu(lturUe(CWnoitrmiim  ptnmvltanieuai)  ' 

Tcmpln  {Pieadimi/ttp.) ' 

Gkipher  turtle  fXeretatm  poi^phtntut}- , . . .  J 

Ign»ii»  {IffvatM  iip.1 

Gilo  nwader  iBOodtrma  tntpnt^m) ' 


'   VitiBonAnUlttB»ke(Crolaltiiadanu 
Coppsrbfmd  (AiuUtrodimevnlorlrix 

:    Python  (PytAonap!) 


I   Anaconda  (SuMcUiiHurlniitJ 

Sc«ilet  iniiko  (CimapAora  Bonrinta) . .. 

I   BullitiiiLe  (/■iluopAw  (ayi) 

I    I'Ine  Hliake  ( I\luapKU  mrlanolmcUf )  ^  ■ . 

Ii  Uilkiiti>ke(Upkihil<ud»luUui) 

,  King  tatke  fOpkiMui  grtviui) 

UUck  amke  lEairaiium  tonicrictoT) .. 

UonnUEn  black  inake  tC:alub4r  ottolcti 

'  Water  in»ke(.Vulru!rip«icm) 

,  UognoaHtsnaketUstirodDDpIalyrAini 
Goiibar  anake  (^pOetu  coraii  rouptru) 


ReptilH 

Total.. 


LitI  of  aoceitioni  for  fincal  gear  ending  Junr  3i',  ISOS. 
ANIUALS  PRESENTED. 


Capncbln J.O'Conoar,  Waahinston.D.C.... 

Wildcat J.A.Aiigii»t.Jr..PinpHill.Kv.... 

Cnyote !  Uarrl<iBartlatl,BDrnbnH>k.Pa... 

Reitoi '  a  Roe*.  Washington.  U  C 

Do '  W,  W.  Bride,  Waahlogton,  D.C... 

Gray  foi A,H.  Wolts.  WaahlngtoD.D.C.... 

Do [  11. T Harvey,  Waahlngtou.  D.C. 

Do I  A.M. Nicholson. OrUndo.FU 

BacCDOn i  H.Monnie.  Wa>hington.  D.  C 

Do i  Dr.W.  F.  Hulchloaon.Wlncbeaiet 

Do I  UiaaKalgblljTlmberlake.CliBrif 

Do '  UetnjpollUnClub.WBahinglon.  I 

Do A.U.NH:bolaon.OriBn(la.FlB 

W.T.Lyuch.Waabinston.D.C... 


ComiuDD  goat. . 
VJrglDladeer.. 
Prairie  dog..., 
Kortbem  vsryl; 
Engliah  rabUlt. 


ll»,D.C 

,   Un.W.W.Anderaon,  WaahlngloD.D.U 

.    A.  F.  Chapman.  Bethel.  Ue 

.    Weitley  Peckham.  Waahlngtflo,  D.  C. . . 

.    MIu  »allle  Lacy.  Waabingtou.  D.C 


Namber 

I  of  apecl. 


"tloot^fc 


EEPOKT  OP  THE  SECRETARY. 

Litl  of  acertnio%>  for  fitcal  year  eKding  June  SO,  ISSS—CimtXmuiA. 
ANIUALS  PRESENTED— ConllDUfd. 


.  JolmT.DetwUer.  New  Smyrna.  Fla 

I'almor.WMhiDgtm.  D.C 

Oalden  eoKle Hvtell  It  (.'onirsy,  Cunilicrland,  Md 

Red-Uili^  liHwk [  Dr.  J.  WJ[bIw,  F™ilillEvills,.S.  Y 

American  ospny |  H.H.UlUct  and  B.T.  RooilboaiH',  Waahinfton.  D.  V... 

Great  bornedovl I  H.  E.  Wyail,  B«10more,  Md 

Do I  A.  H,  NIrliuUon,  OrlMdo,  Fia 

Do j  J.  n.HaniJU.  Waabinglfln,  D.  C 

Do I  MiaaElhel  Woodwaril.Knoivlllr,  Tcon- 

Bamdawl j  E.  T. Mi-KInney.  Wanbtngtou. D. C 

Bi^iwcliowl I  J.L.Hntoblnaan.Waabington.D.  C 

AmuoDa I  Mn.U.  A.Blake,  WaahlDKlon.D.C 

Graybroaated  parrakeet W.H.Hantingtoo,  Waahin(Uin,D.C 

Leadbeater's  (sckatw Un.N.F.Keere.  Syrvcnae.K.  T 

YelloMaDdlituemaoair i  P.  U.DeLeon,»ni>iil-gCDFral>t  Guayaquil,  t^iiador.. 

Wbllelbia A.  M.  Bioliolwn.  Ortando,  Fla 

Woodlbia do 

BlaDk^crownedulght  boron..    Petry,  WaahlDglon,  D.C 

Snake  bird j  A.M.  Nlebolaon,  Orlando,  Fla 

Florida  connoranl i do 


■obLW 


ilnglon.D.C... 


Do  G.F.Selfert.Baltlmor«,Md... 

Do MrB.Ctanford.WashlnglOD.  D.  C 

Do MetnpoliUn  Clnb,  WRabiagtOD,  D,  C 

Do Arable  Dorat.WasbingtoD,  D.C 

Do Moi. Mackay-Smilb,  WMlilnglon,  D.C 

Do Lawrence  Ullnnp,  W««bllig[on,D.C 

Do B.C.  Banoult, Company  A, First  Hogimmii 

■,  Tampa.  FU. 


Do... 


bead  ai 


Carlia,  WMbiugtou.D.C 
;ranfrird.  Wa«b(ngluu,  D.C  . . 

Bwart,  Washington,  D.C 

,  WIlaDD.CaaagraDde,  Aril  .. 

PorlntOD,  Banner,  Kims 

B.  Saera.  WaablDglan,  D.  C. .. 


.'  J.  Y.  E 


.r.  New  Si 


a,FU... 


Copper 
Bcnrlel 

LeCunte'sinake '  E.  Ueyenberg,  Pecoe  City,  Tni  .... 

Fycbon I  G.P.Euatii.Waahinglon,  D.C 

Bullanake L.  W.  Porinlon,  Banner.  Kane 

Black  Snake A.M.Nicbolaon.Oriando.FIa 

HonotalBbbickinake \  Victor  Uiodflletr,  Waablnglon.D.  C 

Hog.noeed  snake i  A.  M.Nicboiaon.OrlaDdo,  Fla 


ANIMALS  LENT, 


Barbary ape C.Cannon. Waabingtoo, D.C 

White-lhroalodcapuobln..-.^  J.L.iloge,NellI,Ta 

Uongoose —  Jdhn  Paine,  Wa>.biii(!loD,D.  C. — 

Coramengont B. S. Schmid. Wnaiiinglon, D. C 

Do C.  W.Neale.Waabinglen.D.C 

Peafowl E.S.Schmid,Wiuhinglon,D  C 

Alligator CapLTIios.CrueK.  U.S.  A.,Waeliington.t>.(: 


Goo»^lc 
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Hit  of  acitttiont  for  JUcal  year  e»<H*g  Jum  SO,  1808 — CoDtimivd. 

ANIUALS  BRCEIVBD  lH  EXCHANGE. 


Spider  moDkey :  KS-Schmld.  WaihlDgtaD.D.C  .. 

Baldeagit | do 


Jnimali  Purcliaied. 

North  American  otter  (Lntra  kadfonun) 2 

California  Ma  lion  (Zalophyi  caH/omianni) :t 

American  bison  (Biion  antricanut) 3 

Carolina  parrakeet  (ConariiK  carolineiw'*) 3 

Sharp-noseil  crocodile  (Crocodilut  americanvi) 2 

Ignana  ( Iguana  tp.) 3 

Banded  baailuik  {Banlitcut  rittatut) 2 

Diamond  rattlesnake  {CroUttiu  adantanteiu) 4 

Banded  rsttleanako  (Crolnlu*  horridui)  ...... 1 

Water  mocoaiin  {Anciilrodoti  piteivorui) 5 

Pine  snake  iPiluopliit  melaHottueiu) 4 

King  eaake  (Ophtbotui  gtlulai) 5 

Oopbei  make  (S^latt*  ixraii  oouptrii) 2 

.iaJBMli  bom  III  Ihc  Nalioual  Zoological  Park. 

Llon(fWi»M 4 

I'nvai.  (Ftlit  eo»oohr) 7 

Americaii  bison  (BUok  amtricanm) 1 

Zebn  (_Boi  iadieiu) 1 

CasIuQere  guat  (Copra  UroK«) 1 

American  elk  (Cwtim  canadeaiu) * 

Tirgioia  (leer  {Cariacvi  rirginianu*) 2 

Llama  {Auehtnia  glama) 2 

Crested  porcupine  (Hgilrir  critlata) 1 

Ring  dove  {Columlia  palumbui) 3 

Unte  swan  (Cggmu  gibbui) 6 

Water  moocasin  (jRciifrodoMjrffctiwiM) 8 

Jaimah  captured  ia  Iht  yaHonat  Zoological  Park. 

Kacooon  (Procyon  lolor) 2 

dMJmali  ranired  from  YellowtloHe  yalional  Park. 

Anwiticaa  mitgpie  (Flea  pica  hadtonioa) 5 

Rock;  HoQDtain  jay  {PeritorrmcanadeHnt  capilalU) 2 

Hotcblna  gooao  (Brania  eanadentit  hutehiuHi) 1 

Americau  white  pelican  {Ptltcatiut  ergthrorhynchoi) 8 


F  ACCIW810N8. 


Animals  presented 

Animals  purchaseil 

Animais  lent 

Animals  received  iu  oNchauge 

Animals  born  in  tbe  Zoologionl  Park  .. 
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AniiDals  captured  in  thn  ZnoloRiral  Park 2 

An imale  received  from  the  Vellowstooe  NatioDal  Pork 16 

Total 215 

Namber  of  specimenB  on  baud  June  30, 1897 567 

AoceBsiona  duriDg  the  year  oniling  June  30,1898 315 

Total 782 

Dodnot — 

Deathi 181 

AuiiuBli  eacHped  or  lilieriited 7 

AnimaU  exrhanged .'. 15 

Aniniflla  returned  to  owners 27 

233 

Animalaou  hand  June  30, 1698 549 

Respectfully  eubniitted. 

FitANK  Bakbr,  Suptri»Undtnt. 
Mr.  H.  P.  Lanolky, 

SeoTttarg  <tf  Iht  SmUktotuan  /h(1j(ii(um. 


D.qilizMb,G00>^le 


Sir:  I  have  the  honor  to  submit  the  report  of  the  Astrophysical  OhBervutor;  for 
the  jreor  eadioE  -Minp  30,  1898. 
Ill  rtwponse  to  your  reqaest  that  the  report  Hhall  liencin  vitb  the  following  Htat«- 

1.  The  amoant,  kinds,  and  claasea  of  property  belonKinK  to  llie  Observfttory. 

2.  The  amonnt  of  sni-h  property  aoiiaireil  dnrin^  the  twelve  motitba  covered  by 
the  report. 

3.  TheeKteDtnod  kind  uf  iniprovementa  miide  in  the  building  and  gronndu  during 
the  past  year,  and  the  eetimnted  roHt. 

4.  The  extent  And  ohara<:ter  of  the  liisaeii  of  property,  and  the  origin  and  cauneB. 
I  hiive  the  honor  to  report : 

Est  J  mated 


BuildiHga, — TLeBe  include  the  maia  observatory  building  and  a  smaller 
photographic  room,  with  their  inclosares  and  appurtenances,  such  as 
connecting  platform,  battery  shed,  Hiderostat  house,  etc M,  000 

Appliancei  of  bnildingi. — Consisting  of  nleam-h eating  plant,  refrigerating 
plant,  temperatnre-coutrol  system,  and  storage  battery  for  general 
pnrpoHBS 3,500 

AppaiatHt  /or  reiearck. — Including  siderostat,  telMcopes,  spectroscopeB, 
mirrore,  lenses,  galvaDomotere,  bolometers,  chronographs,  clocks,  mjcro- 
acopp,  comparator,  and  many  other  pieces 21,000 

Tool)  and  tloek  in  ihop. — Including  lathes,  planer,  rolls,  motor,  and  small 
tools  and  stock 1,700 

Books,  draminiii,  and  reoordi. — luoladingsf^ts  of  periodicals,  mape,  drawings 
of  apparatus,  books  of  reference  and  record,  photographic  plates 5,0(0 

Total 36,200 

(b)  Within  the  period  covered  by  the  report  there  has  been  acquired  of  the 

various  kinds  of  property  above  enumerated  to  the  amount  of 4,000 

(e)  Improvements  to  the  building  were   made,   including    repainting    and 

repairs  to  the  extent  of 300 

(d)  Losses  huHureil  were  trivial, and  consisted  iu  the  breakage  of  apparatus 

by  accident  to  the  extent  of 30 

The  most  important  features  of  the  work  of  the  Astrophysical  Observatory  during 
the  past  year  have  been  as  follows : 

I.  The  instrumental  eijuipment  has  received  valuable  accessions,  including  a  highly 
sensitive  galvanometer,  designed  ami  construe tt'il  at  tho  Observatory ;  two  cylindric 
mirrors  by  BrashPar  (which,  as  nsed  for  collimation  of  the  spectroscope,  am  equiva- 
lent to  a  lens  of  64  meters  focal  length),  and,  linally  and  most  important  of  ull,  ft 
system  of  cooling  by  the  expansion  of  ammonia,  which  has  made  possible  an  ei:ton- 
■ion  of  constant  temperature  conditiona  to  cover  the  Qve  mouths  of  March,  April, 


3F.?-  It?      ?    7TT7.    -E.:^12T.L1T. 


t  inurrm  n-inr  I  mfr  Mf  ifcr 


E-«».-   uv«  r  li  ii.-.i-  :  .  .       Tio  dt^ 


•«•  ]t(.i>f>*  »  i,'  1.  t.«<r:i:o'^  ii*  '•=!  t— -*s  ed'  «  .tt  »l^  tb»  i^-i»  «;  ;vtn..i=a<«t  at 

cAHtru'-t  '/!•  'if  f  iiaiLoi!" -i**  B-wi:*,  u.d  i«o  ii(i-<r.».  »rr»  tE»d«  «i.ii:h  mv  fiMmd 
Ut  Ik  rely  tat  nfn/UfTj.     TIk- ™.i*  »«*  nji-C!  I<«.^  id  >  ;*;>  *i;,«iwi«  f.»ji«.  OiMiKtmcted 
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Aa  completed,  tbo  constants  of  ibis  galvanometer  are  ae  foIlowH : 

KtiiiBt:iiii.-o  of  coils,  each ubiiis..  30 

Diameter  of  coils: 

Exterior millimeteTH..  34 

Interior ilo....     2 

Distance  apart  of  coils do 1.5 

Weight  of  needle; 

First mitligrama..     2.5 

Second do 6.5 

Leugtb  of  quartz  fibur centimeters..  30 

Diameter  of  qnartz  fiber millimeter..      .0015 

Cnrreut  in  amperes  giving  !'">»  deflection  on  scale  at  l"  at  time  of 

single  swing  of  nceille  10  seconds  when  coils  are  connected  in 

aeries  parallel  (total  resistance  bence  30  olims) : 

Witb  tirst  needle 000000000005 

With  second  needle 000000000020 

Constant  under  similar  conditions  for  galvanometer  used  last  year.       .  000000000100 

Notwithstanding  the  greater  sensitiveness  of  the  first  needle,  the  second  baa  been 
employed  in  taking  bolographs  for  two  reaaons:  First,  because  its  mirror  (of  2  mil- 
ligrams weight,  bj  BroBliear)  gave  better  definition ;  and  aecond,  becanae  the  needle 
waa  aUtiKlier  on  acconnt  of  its  greater  weight.  It  ia  probable  tbut  means  conld  be 
doviaed,  though  not  without  conaidentble  time  and  expense,  to  nse  the  first  needle 
witb  aa  much  eatisfaotion  aa  the  sec o ml,  and  thus  to  gain  four  times  insensitiveneas. 

The  Hchievement  of  Ibis  very  considerable  advance  in  seositlveueas  made  the  use 
of  both  a  narrower  bolometer  and  a  narrower  slit  to  the  spectrobolometer  possible. 
The  former  wae  already  at  band.  To  rednce  the  linear  width  of  the  slit  would  have 
resulted  in  a  waste  of  radiations  because  uf  diffraction,  a  danger  to  which  some 
reference  was  made  in  last  year's  report.  To  redace  the  angular  width  of  the  slit 
by  a  collimating  system  of  spherical  mirrorH  of  longer  equivalent  focus  woubt  have 
resulted  in  a  waste  of  radiations,  lieoauae  of  tbe  verticul  spreading  out  of  the  beam. 
Id  these  circumstances  an  arrangement  of  cylindrical  collimating  mirrors  was 
designed,  with  the  aim  to  avoid  both  boms  of  this  dilemma.  Tbese  mirrors,  one 
coDTex  of  57  centimeters  focns  and  one  concave  of  544  centimeters  focus,  were  exo- 
CDted  by  Brosbear  and  give  equally  aa  good  definition  aa  the  spherical  concave  mir- 
rors before  employed,  while  reducing  tbe  angular  width  corresponding  to  a  given 
linear  aperture  of  the  slit  to  about  one-aeveutb  of  its  former  magnitude.  Tbe 
angular  widths  of  allt  and  bolometer  atrip  have  now  each  been  reduced  to  about  1.3 
aecondsof  arc. 

In  tbe  uHe  of  tbo  new  arrangements  much  trouble  waa  at  first  experienced  fi'om 
"drift"  and  accidental  disturbaiicaaof  tbe  galvanometer.  Tile  "drift"  was  reduced 
to  nearly  its  former  harmless  magnitude  by  added  precautions  to  avoid  temperature 
changes.  But  the  accidental  disturbances,  especially  with  tbe  very  narrow  bolom- 
eter (0.03  millimeter),  were  very  serions,  and  on  days  when  there  waa  the  sligbiest 
breeze  absolutely  jirobibitivo  to  observation.  It  woe  found  at  length  that  hy  mak- 
ing tbo  chamber  occupied  by  tbu  bolonieter  air-tlgbt  to  a  differenoe  of  pressure  of 
one-third  of  nn  atmosphere  ull  prejudicial  efiecta  of  tbe  wind,  except  such  slight 
ones  aa  were  due  to  mechanical  jarring,  were  avoided.  Bolograpbs  may  now  be 
taken  witb  good  reanlts  on  the  very  windiest  days. 

Mechanical  jarring  of  the  galvanometer  has  been  reduced  by  floating  it  in  a  pan 
of  mercury,  wbicb  in  itself  a upported  apon  the  table  of  tbe  Julius  suspension  iotro- 
dnced  hero  in  1R95. 

Bearing  in  mind  the  advantage  derived  trom  inclosing  the  bolometer  in  an  air- 
tight compartment,  an  air-tight  galvanometer  cose  was  designed,  and  having  been 
constructed  waa  made  use  of  for  some  of  the  latest  bolographs.  Tbe  advantage 
dertveil  from  its  use,  however,  proveil  slight. 
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Some  decrenM  Jii  the  aocideotal  dttUectioDB  of  the  "battery  record"  woseffDOted 
by  the  BuliBtitiitioB  ol  »  "Cuprun"  battery  of  lOci'lls  for  tbe  great  storage  hatt«r7 
of  60  cells. 

A  new  deaign  for  a  holoDieter  has  been  prepared,  in  wbicb  the  seiiaitive  tbreada, 
balancing  coils,  and  adJiistiLg  slide  wire  are  nil  contftiued  in  oDe  compact  wiiter- 
jacketed  case  witb  air- tigbt  chamber.  ThiH  instrumeDt  ie  uuder  eoimtructioD,  and 
will,  it  is  believed,  du  away  wltb  vertain  sources  of  accidental  dJeturbance,  mid  will 
be  far  mure  easy  to  nse  satisfactorily  tbau  the  present  form. 

With  tbe  iiiiprovementu  iibove  described  all  or  in  part  iostalled,  there  were  taken 
135  bolograpba  l>eCween  December  1, 1897,  and  Jnly  1, 1898.  Of  these  68  were  with 
tbe  great  rock-aalt  prism,  41  witb  tbe  great  glasa  prism,  and  26  with  a  small  prism 
of  flnorite.  Fifteen  of  those  taken  with  the  rock-aalt  and  8  taken  with  the  gliiss 
prism  were  measnred  upon  tho  comparator  to  eiitHbllsb  the  discovery  and  positione  of 
tba  700  alwrarption  liiiee  in  the  infra-red  already  nicntioneil.  Fiftren  taken  witb  tbe 
fiuorite  prism  were  ineneured  upon  the  comparator  to  determine  the  position  of  about 
GO  absorption  lines  identifiable  ou  both  tbe  rock-salt-prism  and  the  Huorite-prism 
holographs,  with  the  design  of  thus  deducing  tbe  dispersiou  of  rock-salt  indirectly 
ftom  tbe  wavc-lengtb  deturminations  of  PaHOhen  in  the  fluorite  spectrum. 

Apparatus,  including  a  concave  grating,  has  been  arranged  for  tbe  pnrpuae  of 
directly  measuring  tbe  dispersion  of  rock  salt,  bnt  the  actnal  observations  were 
not  begun  at  the  close  of  tbe  period  covered  hy  this  report.  It  is  hoped  that  this 
research  will  make  it  possible  to  give  the  wave  lengths  of  the  absorption  lluee  dis- 
covered tu  tbe  degree  of  accuracy  correspimding  with  that  of  tbe  prismatic  devin- 
tions.  The  Observatory  is  peculiarly  fitted  to  obtain  results  of  great  accuracy,  in 
that,  first,  it  is  in  possession  of  such  au  extriiordiuury  e<iuipinent  of  rook-salt  prisms 
that  one  great  one  is  provided  witb  a  thermometer  at  its  center  and  used  solely  to 
determiue  th«  temperature  of  tbe  optical  one;  second,  a  coustaut  temperature  msy 
be  maintained,  and  ht'uce  the  temperatare  of  the  salt  can  be  cortainly  known; 
third,  the  great  sensitiveness  of  the  liolometric  apparatuii  allows  of  tbe  employment 
of  narrow  slit  widths;  fourth,  the  holographic  method  can  be  employed,  which, 
belli;;  iodepeudeut  of  cir<de  readinijs,  and  involviuK  iastend  aolock  work  of  extreme 
accuracy,  gives  differences  of  deviation  with  extraordinary  precision,  reaching,  as 
we  said  in  last  year's  report,  to  within  a  second  of  arc. 

Several  energy  curves,  extending  from  the  violet  through  the  visible  and  infra-red 
spectrum  as  far  us  5  fi,  were  taken  with  a  Hheet  of  bright  copper  in  place  of  the  sil- 
vered ;:(lasii  mirror  at  the  siderostat.  It  was  found  that  there  was  no  appreciable 
difiereues  iu  quality  or  amount  of  retiecting  power  between  the  copper  and  silver 
surfaces,  exeept  in  tbe  violet.  Hero  the  copper  gradaully  deteriorated  aH  a  reflector, 
which  accounts  for  its  red  color. 

Observations  have  been  mode  with  the  "bot  box,"  a  device  similar  to  the  garden- 
er's bot  bed  intended  to  obtain  a  very  high  temperature  from  tbe  sun's  rays  without 
tbe  use  of  lennes  or  mirrors.  A  temperature  of  12(F  C.  was  obtained,  which  is,  to 
be  sure,  considerably  above  trailing  water,  but  not  iu  excess  of  that  obtained  by 
Herscbel  witb  the  same  device  in  South  Africa  many  years  ago.  Tbe  results  of  Ilia 
observations  are  merely  tentative. 

A  considerable  numl>er  of  obni'rvatioua  have  been  mode  to  determine  the  accuracy 
of  the  bolometer  as  a  heat- measn ring  device;  that  is,  its  capacity  for  repeating  the 
same  measure  of  radiations  under  like  couditirinx.  For  this  purpose  sucCfRKlvo  first 
throws  of  tbe  galvanometer  were  observed  wlien  tbe  radiations  from  a  student  lamp 
burning  good  kerosene  oil  were  alternately  allowed  to  fall  on  the  bolometer  and  cut 
off  by  a  water  screen  at  constant  temperatore.  The  variations  iu  tbe  dellection 
were  very  slight,  and  indicated  ratber  a  variation  of  the  burning  of  the  lamp  than 
any  ipnceuraey  of  the  bolometer.  Thus  for  ten  successive  measures  tbe  average 
probable  error  of  tbe  sepuratti  observations  was  only  0.035  of  1  per  cent,  or  1  jiart  iu 
3,000;  but,  OS  hitn  just  been  intimated,  this  is  a  maxiuiuiu  value,  since  no  absolutely 
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conxteDt  soDn-n  of  heat  lian  lieon  fnuuil.auil  all  tbovuriatii>ni>  of  tfaeauiirce  employed 
are  inchiilecl  in  this  0.035  of  1  per  cent.  [ii  the  earlier  !■»■  of  tli<>  liolometer  such 
precimoii  n-oulil  hnve  bven  iinattHinable,  owing  to  the  noDHtabillty  of  tbc  »'To  point 
of  the  galvaoometer,  bnt  the  "drift''  iiitd  tremor  have  now  been  eo  far  elimiuat«d 
as  to  make  such  resnltti  quite  possible. 


Thare  have  beeu  added  to  the  efguipmeiit  uf  Ihe  ObHrtrvHtory  during  the  year  the 
following  L'onsiderah1»  pieces  of  apparatus ; 

One  Richard  haro^raph. 

One  Crova  artinometer. 

Oae  Fui'HS  spectrometer,  with  IT  centimeter  i-irole  reading  to  10  aeconils.  Acoes- 
sories  consisting  of  reading  and  collimatint;  lelescopes,  inierometor  Hlit,  and  one 
liquid  prism. 

One  rellectin);  galvanometer  of  the  Thomson  type,  alreaily  referred  to.  Case  cou- 
structcd  at  Astrophysical  Oliservatory  shop;  coils  and  needle  itl.  Aatrophyiical 
Obaerv  story. 

Two  cDoling  lanka  anil  ammonia  conipresoion  apparatus,  by  ])i<  LaVergne  Itefrig- 
erating  Company. 

Automatic  tcroperatiiri' control  for  the  above,  by  Johnson  Temperutnvs  Regulating 
Compan.i'. 

One  "  hot  box"  provided  with  o([uatorial  mounting. 

Two  cylindric  colljmating  mirrors  by  ItraHhear,  already  referred  to. 

Ten  oellH  "Cupron  "  battery.  Type  1,  from  Umbreit  &  Matthes,  of  Leipzig,  for  use 
on  the  bolometer  circuit. 

A  device  for  floating  galvunonieti'r  upon  mercury,  constrnct^d  at  the  Astrophysical 
ObnervBtory  shop. 

One  ball- and -Borket  monntiug  for  aalt  cyliudric  Irni)  to  close  tbu  bolometer  cone 
air-tight,  while  allowing  of  the  adJuHtment  of  the  lenit  for  beet  dellnition.  ('on- 
strncted  at  the  Astrophysical  Observatory  Hhop. 

Two  talt  cjlinilric  leiiaeti  for  the  above  uioontiug,  by  Kiihler. 

One  adjustable  mounting  for  nlit  of  Hpectriwcopi-.  Constrnrlcd  at  the  Aslro- 
physical  Obaervalory  shop. 

One  air  tight  galvanometer  case.  Designed  :it  the  Astrophysical  Observatory., 
Constructed  by  Oaertuer  &.  Co. 

One  bolometer  case,  by  Uaertnor  &  Co. 

BeHidcA  these  pieces  of  npparaliia  a<:tually  received,  there  were  ord<>red  the  fol- 

Fonrteen  cells  of  "Cnprou''  buttery.  Types  I  and  III,  with  extra  parts. 

One  Rubens  theimopile. 

One  combined  bolometer  and  rheostat  after  new  ilesign  already  referreil  to. 

rERgUNNEL. 


The  services  of  Mr.  C.  £.  Mondenhall,  aa  awiHtant,  wire  secured  for  the  period  of 
three  months  beginning  June  1,  1^98. 


In  conchision  1  may  aay  that  the  investigations  of  the  absorption  hands  in  the 
Infra-red  solar  ajiectrum,  reopened  by  the  securing  of  more  highly  senaitive  bolo- 
graphio  apparatns  during  the  nuavoidable  delay  in  publication  of  the  ri'Siilts 
attained  lii«t  year,  has  been  attended  this  year  with  a  degree  of  success  exceeding 
anything  which  could  be  hoped  for.  Tbo  n-snlt  now  niached,  which  will  undoubtedly 
be  ready  for  the  press  early  in  the  coming  calendar  year,  includes  the  discovery  and 
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detenu inati on  of  poaition  of  over  700  siirh  absorption  liuea,  and  is  one  with  vhich 
the  research,  bo  far  aw  it  coiiceruH  ooly  the  discovery  of  new  ab»on>tioi]  linca,  may 
■Ditably  clueo. 

The  reaiilta  we  liuvo  already  iudicate  tlie  coiupliite  fiillilliueut  of  your  cxpectution 
that  this  grunt  region  is  the  chief  seat  of  the  tctlario  absorption,  and  conHrm  your 
hope*  tbat  these  researclies  may  soon  lea<l  to  knowledge  of  a  character  of  perma- 
naut  utility  tu  mankind.  The  gradual  collection  and  improvement  of  apparatus 
atteodiug  the  prosecntiou  of  this  investigation  bne  placed  the  ObnervaUiry  in  a 
condition  to  eater  under  highly  favorable  oitcnmstaDces  upon  other  researches 
connected  with  radiant  heat. 

Respeolftilly  submitted.  C.  O.  Abrot, 

Jiif,  acting  in  Chai^t,  Atlrophyical  ObiervaUn-j/. 

Mr.  S.  P.  Lamgucv, 

Seerttary  of  Ikt  Sinilkioman  Intlitultoa. 
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AppKumx  VI. 
REPORT  OF  TEIE  LIBRARIAN  FOB  THE  YKAIt  ENIUNd  JUNE  30.  189K. 

8ik:  I  have  th«  boDor  to  [irMent  herewitL  the  report  npon  the  operatiana  of  the 
libiar;  of  theSmithaoiiian  Institution  during  the  lineal  yenr  ended  June  30,  1898. 

The  work  of  the  library  consUts  of  various  aotivities.  Greatest  iu  bnlk  is  the 
reception,  cataloguing,  ackDowIedgment,  and  the  ronductiDg  of  necessary  corre- 
spondence for  that  portion  of  the  collection  of  books  which  Is  known  as  the  Smith- 
sonian deponit  of  the  Library  of  Coogress. 

Next  in  quantity  is  the  work  conDeot«d  with  the  books  belonging  to  the  National 
Haseam.  Small  ooUections  of  reference  books  are  being  made  fur  the  Zoological 
Park,  the  Aatrophysica]  ObserTatory,  and  the  Exchange  Kerrice,  A  special  section 
of  Ian  reference  for  the  use  of  the  Institution  is  also  l>eing  established,  and  a  section 
relating  to  lerodromics  is  maintained.  A  small  library  has  been  purchased  for  the 
Qse  of  the  employees  of  the  Institution.  Tlio  Musenui  library  has  itself  31  sections. 
In  addition  tii  the  care  of  these  branches  of  the  library  work,  the  library  has  l)een 
frequently  referred  to  for  information,  bibliographical  and  otherwise. 

SMITH  MONI  AN 


The  entry  num Iters  of  accesaions  to  the  Smithsonian  deiHwit  iu  the  Library 'if  Con- 
greHB  extend  from  364978  to  390914. 

The  fallowing  table  gives  an  analysis  in  volumes,  parte  of  volumes,  jiamphlets,  and 
cbarta,  of  the  accessions  during  the  year : 

Publioationt  ree^eed  bttteeeii  July  1,  1897,  and  June  SO,  1898. 


(^oor 


Volnmu IWS             1,*07  2,30) 

PsTtnof  valuoiea 11,50*             8.K5  '  SO,  12» 

PampblBU '              7«             t.IT!  '  S.OIB 

Charts j 41B 

Toutl \ »r,«H 

Thisexhlbitsaninoreaseover  1897  of  more  than  4,500eutrie8  for  this  branch  alone. 
One-fourth  of  tfale  matter  has  been  temporarily  retained  in  the  library  of  the  United 
States  National  Mnsenm  for  use. 

In  addition  to  this  there  have  been  added  to  the  Secretary's  library,  offlce  library, 
employees  library,  and  library  of  the  Aatrophyaical  Observatory,  701  volumes  and 
pamphlets  and  2,060  parta  of  volumea,  making  a  total  of  2,781,  and  a  grand  total  of 
40,715  Tolnmea,  parta  of  volnniPS,  pantphleta,  and  chnrts  of  accessions  for  the  year. 

The  Library  of  Congress  was  removeil  from  the  old  quarters  iu  the  Capitol  to  the 
new  Library  bni  Id  in  g,  in  the  mouths  of  August  anil  September  and  was  reopened  for 
aseio  November,  1897.  Theeaststack,  the  smaller  of  the  throe  stacks  in  the  Library, 
waa  set  apart  for  the  Smithsonian  deposit,  and  a  eommodiouH  nioni  directly  lutjoiu- 
ing  this  stack  on  the  main  floor  was  assigned  as  nn  office  and  work  room.  Into  this 
a  large  part  of  the  occnmulation  of  the  last  ten  years  was  placed,  and  these  have 
been  to  a  oertaio  est«nt  arranged  and  catalogued.     It  ia  the  desire  and  intent  of  the 
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Librarian  of  Congress  that  all  the  Smilbaoninn  books  Bhall  be  placed  together  hi  this 
slack  and  Bteps  ure  beiog  takeu  towiird  that  cod.  The  bill  pnesed  by  Coagrexs  pro- 
vidiiii;  for  tbe  arrangeDent  anil  organization  of  the  Library  in  its  new  building, 
however,  Dia<le  no  provision,  eitlier  for  this  work  or  for  the  care  of  the  Smithsonian 
stack,  and  it  has  resnited  that  all  work  in  connection  with  this  collection  of  books 
mast  he  done  in  the  spare  time  of  persona  who  already  had  other  duties.  While, 
therefore,  a  great  deul  has  been  accomplished  in  a  comparatively  nbort  apace  of 
time,  the  Smithsonian  depoxit  in  ns  yet  by  no  means  in  a  saUsfaotory  condition. 


The  Secretary'H  lihmry,  a  Hpecial  collection  of  reference  books  for  the  use  of  the 
Secretary,  which  may  be,  under  certain  restrictionn,  consulted  by  other  persons,  uow 
numbers  about  GOO  volumes.  These  books  are  kept  in  the  Secretary's  olfice  and  in 
rooms  in  close  proximity  to  it.  A  new  iKKikcase  was  assigned,  thus  rendering  pos- 
sible a  better  ilisposition  of  the  books  than  heretofore.  The  Increase  of  this  collec- 
tion wiM  42  volumes  uud  1K3  parts  of  periodicals. 

AHTItOI-llVSICAI.  OBflBRVATORY. 

With  the  establishment  of  the  Observatoir  in  J891  it  was  found  necessary  to  pro- 
vide a  small  collection  of  books  fur  its  use.  lu  view  of  the  crowded  condition  of  the 
Obsenatocy  and  of  tbe  fuct  that  iCx  buildingwasuot  fireproof,  the  Secretary  desired 
that  as  few  bookH  ns  puniible  bo  kept  in  tlic  Obsecvatory.  A  room  was  accordingly 
asHigned  fur  this  ptirpoae  on  the  third  floor  of  tbe  Smithsonian  building,  only  a  few 
books  and  pamphletB  being  kept  in  the  Obxervatory  itself.  The  increase  of  this 
library  during  the  past  year  has  been  30  volumes  and  357  parts  of  periodicals. 

UBKAItV  I  IF  TUB  ZOOLOGICAL  PARK. 

A  small  collection  of  books  relating  principally  to  parks  and  zoological  gardens 
and  other  matt«r8  intimately  associated  with  the  work  of  the  Park,  are  kept  in  a 
room  in  tbe  Holt  House.  In  accordance  with  the  Secretary's  instructions,  and  with 
the  advice  of  tbe  Superintendent  of  the  Park,  I  shall  endeavor  in  tbe  coarse  of  next 
year  to  enlarge  this  collection,  more  especially  in  books  relating  to  parks,  park 
architecture,  etc.  It  is  only  with  great  ditilculty  that  nets  uf  guides  to  zoological 
gardens  are  obtained,  as  these  pablicntlous  are  fleeting  in  tbeir  nature  and  not  nsU' 
ally  preserved.  The  Secretary,  in  connection  with  tbe  repairs  in  the  Holt  House, 
the  office  of  the  Zoological  Park,  has  sanctioned  improved  facilities  for  tbe  roainte- 
uanoe  of  this  collection  of  books. 

BMPLOVBBS'   UBRABY. 

There  has  b«en  purchased  a  collection  of  abont  400  books  of  literature,  good  Action, 
history,  biography,  and.popular  science,  which  together  with  the  bonnd  volumes  of 
popular  periodicals  and  the  current  nnmbers  form  a  circulating  library  for  tbe 
employees  of  the  institntion.  The  library  is  open  to  all  employees  of  the  institution 
under  the  following  regulatioua : 

1.  All  persons  desiring  to  withdraw  books  must  first  file  with  the  librarian  a  cer- 
tlHcate  of  identity  from  the  chief  olerk  of  the  Bnreau  or  office  in  which  they  are 
employed, 

2.  Tbe  library  will  be  open  for  the  withdrawal  and  return  of  iKmks  fmni  12  ui.  to 
1  p.  m.,  and  from  i  to  4.30  p.  m. 

3.  Books  may  l>e  taken  for  tbe  period  of  one  week,  with  the  privili-gc  of  one 
renewal. 

4.  The  popular  magaiiiiics  on  the  table  may  be  taken  out  at  4  o'clock  p.  m.,  to  be 
retomed  at  V  a.  m.  '  "  morning. 
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6.  Any  book  or  periodical  InJDMd,  dofaoed,  ot  lost,  wliile  in  the  posMMioo  <>f  the 
borrower,  must  be  rapUoed  by  a  now  copy. 

6.  Before  a  book  is  borrowed  it  must  first  bo  sabmitted  tu  the  librarian  for 
registry. 

T.  Ko  person  will  be  permitted  to  take  more  than  one  book  and  tuagftzine  at  a 

8.  The  librarian  is  aathorined  to  anspend  or  refnee  the  Issue  of  books  to  persons 
Tiolating  any  of  the  above  rules, 

The  members  of  the  staff  and  the  employees  of  tlie  Institution  have  already  begun 
to  nse  this  library,  and  I  feel  snre  that  it  will  be  a  source  of  instruction  and  pleasure 
to  many. 

KXCUANOR   8KRVICK. 

For  the  Exchanges  the  attempt  has  been  made  to  secure  as  good  a  onllection  of 
directories  and  books  containing  addreaeea  as  possible.  The  greater  part  of  sucb 
pablioations  are  received  In  exchange,  but  some  few  have  been  purchased. 


The  work  of  the  Institntion  and  Its  bitreans  requires  the  reference  to  eo  manf 
pnblio  documents  and  law  books,  that  the  necessity  has  been  foauil  for  the  establish- 
ment of  a  small  collection  of  works  on  this  Rubject.  These  are  provided  by  the  Insti- 
tution and  are  for  the  present  deposited  in  the  offlce  of  the  chief  clerk  of  the  National 
Mnseom. 


The  Mnseam  library  has  received  during  the  year  441  books,  7^  pamphlets,  and  4,936 
parts  of  periodicaln.  Four  hiiDdred  and  auven  volumes,  1,14R  pamphlets,  and  11,617 
parte  of  periodicals  belonging  to  the  Smithsonian  deposit  have  been  temporarily 
retained  for  the  National  Museum.  The  late  Dr.  (i.  Brown  Ooode  hail  formed  a  col 
lection  of  scientitic  works  relating  more  especially  to  miuenni  workand  natural 
history,  which,  during  his  lifetime,  had  always  been  At  the  disposal  of  his  nssoi^iates 
In  the  Museum.  The  work  of  the  Museum  would  have  been  seriously  hampered  had 
this  collection  gone  elsewhere.  By  an  arrangement  with  hit  exeoiitor,  an  offer  of 
the  collection  was  made  to  the  Institution,  and  its  value  having  been  appraised  by 
Dr.  Theodore  Oill  and  myself,  the  Secretary  upplind  to  Congress  for  a  special  appro- 
priation for  the  purchasi!  of  this  collection.  This  has  been  duly  authorir.ed  by  Con- 
gress, and  in  theroming  yearthisvitluablelibraTygOousistinKof  2,900  volnmes,  18,000 
pamphlets,  and  1,600  autographs  and  engravings,  will  become  the  property  of  ihe 
National  Mnseuui. 

Over  3,000  volumes  were  placed  in  the  seotional  libraries  during  the  jiost  year, 
3,500  books  were  borrowed  and  returned,  and  17,127  books  were  consulted  in  the 
library  itself.  This  ludicateHagreaternseof  thelibrary  than  at  any  time  heretofore. 
A  more  detailed  account  of  ths  operations  of  the  Museum  library,  together  witb  a 
list  of  accessions  by  gift,  will  be  found  tn  the  report  of  the  National  Museum. 

PURCUASB   or   BOOKS. 

In  the  legislative,  executive,  and  judicial  act  approved  by  the  President  on  March 
lb,  1898,  the  following  proviso  was  contained : 

That  hereafter  taw  books,  books  of  reference,  and  periodicals  for  use  of  any 
execntive  department,  or  other  Government  establishment  not  nnder  an  executive 
department,  nt  the  seat  of  novemment,  shall  not  be  piirchw^d  or  paid  for  ttom  any 
nppropriHtiiin  made  for  contingent  expenses  or  for  any  specific  or  general  parpose 
unless  such  purpose  is  authorixed  and  payment  therefor  specifioully  provided  in  the 
law  granting  the  appropriation. 

As  thiH  portion  of  tbe  act  becnmi;  cfTrctivc  immediately  upon  its  pasHage  no  Iraoks 
could  be  pnrchoseil  during  tbe  remuiiidcr  of  the  fiscal  year.     It  ban  therefore  been 
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Appendix  VII. 

REPORT  OF  THE  EDITOR  FOR  THE  YEAH  ENDINO  JUNE  30,  1898. 

Sir  :  I  havo  tlie  honor  to  lubmit  the  following  report  on  the  jinblicationa  of  tbe 
Smith  Bon  inn  Institiitian  for  the  year  eniling  June  30,  1898: 

Tbe  pnblicationa  uf  tbe  Institutiiio  itself  are  in  three  series,  the  CoDtributioDS 
to  KDOwled^cu  in  qaarto  form,  and  the  MiBcellannoue  Collectious  aud  SmitbHOuiaii 
Report  iu  octavo.  Under  tbe  directioD  of  tbe  Institution  are  also  poblisbed  tbe 
Proceodings  and  Balletinaof  the  National  Mnsenm,  the  Annual  Report  of  tbe  Bure&ii 
of  Ethnology,  nud  tbe  Annual  Report  of  the  American  Historical  ABSoclation. 

'The  libraries  aud  iustitntiouB  to  wbjrh  tbe  "Contributions"  and  "Collections" 
ooi-ild  be  sent  has  always  been  very  limited  in  number,  tbongh  scattered  widely 
tlnroughout  the  world,  aud  in  extending  the  unmber  of  libraries  it  bas  not  been  pos- 
aible  to  fnrniHh  complete  sets,  but  merely  fatnre  volumof.  Fifteen  hundred  copies 
of  these  series  are  now  printed,  but  tbie  nnmbor,  tbongh  all  that  tbe  limited  income 
of  tbe  Institution  can  famish,  has  not  been  found  sufficient  to  meet  tbe  demand. 

The  general  distribution  ie  made,  first,  to  those  learned  societies  of  tlie  first  class 
wbiob  giTB  to  the  Institntton  in  return  complete  sets  of  their  own  publications; 
secondly,  to  colleges  of  tbe  lirst  clasH  furnishing  cataloKues  of  their  libraries  and 
studeiitH  and  publications  relative  to  their  organization  aud  history;  thirdly,  to 
public  librsries  in  tlii.->  coantry  having  35,000  volumes;  fourthly,  they  are  pre- 
sented In  some  oases  to  still  smaller  libraries,  especially  if  no  other  copies  of  tbe 
Smithsonian  publications  are  given  in  tbe  snme  place,  and  a  large  district  would  be 
otherwise  uosupplied;  lastly,  to  institntions  devoted  eiclnalvely  to  the  promotion 
of  particular  branches  of  knowledge  such  of  its  publications  ore  );iven  na  relate  to 
tbeir  special  objects.  These  rules  apply  chiefly  to  distribution  in  the  United  States. 
Tbe  number  sent  to  foreign  countries,  under  somewhat  different  conditions,  is  abont 
the  same  as  that  distributed  in  this  countnr. 

The  edition  of  the  anuDsl  report  at  tbe  disposal  of  the  Institution  is  7,000  copies, 
which  is  sufficiently  large  to  permit  of  a  comparatively  wide  distiibntion,  though 
tbe  number  printed  is  less  than  iu  former  years. 

Requests  from  individuals  are  complied  with  when  possible,  but,  as  a  mle,  it  is 
found  necessary  to  restrict  the  distribution  of  all  publications  to  libraries  aud  insti- 
tntious  of  learning. 

In  the  orlg^inal  "programme  of  organization"  approved  by  tbe  Regents  in  1847 
there  wBB  specified  among  thedetallsof  the  plan  for  dilf  using  knowledge  "theputili- 
oation  of  a  serieB  of  reports  giving  an  account  of  new  discovories  iu  science,  and  of 
tbe  changes  made  from  year  to  year  in  all  brancbea  of  knowledge  not  strictly  pro- 
fessional." And  it  was  added  that  "Tbe  reports  are  to  be  prepared  by  collaborators 
eminent  Id  the  different  branches  of  knowledge." 

Id  the  report  for  1654  appeared  for  tbe  first  time  an  "appendix,"  containing  an 
account  of  American  explorations  for  the  years  1853  and  1854,  by  I'rof.  S.  F.  Baird; 
a  fnll  report  of  lectures  delivered  before  the  Institution  liy  Marsh,  Brainard,  Loomis, 
Channing,  Reed,  and  Russell;  extracts  from  the  scicntilic  correspondence  of  tbe 
Institution,  and  miscelluneous  pupers  relating  to  American  archieology,  geology,  eto. 
The  general  appendix  to  the  annual  report  has  been  regularly  continued  to  tbe 
present  time,  and  has  served  to  bring  tbe  Smithsonian  report  into  great  popular 
demand.     It  has  long  been  the  custom  to  enrii-li  tbe  report  with  memoirs  illustrating 
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the  more  ranarkable  uid  imporUtit  devdopmeoto  in  pbymcal  and  biological  dis- 
corery.  aa  well  tut  Hbowing  Ihr  t;eiiera]  character  «f  the  operation*  of  the  Institution ; 
aotl  tliit  porpuMK  has,  during  the  greater  part  of  it«  historj',  been  carried  out  largely 
hy  tbe  paklieation  of  such  papen  as  wonld  po— uaa  an  interest  to  all  attracted  by 
acieotifii.-  progtCM. 

In  ISSO  iH-vr«uay  Daird,  iodneed  in  part  lij  the  divontinnanre  of  an  annnal  snm- 
mar}-  of  proin^ss  which  for  tbirt;  te*n  previous  had  been  issned  b;  well-known  pri- 
Tate  publishing  limu,  had  prepared  by  competent  coUalHiratot*  a  serie*  of  abstracts, 
■faowiiig  coneiaelj  tbe  prominent  featnrefi  of  recent  srieoiilic  protn^es  in  astronomy, 
geology,  meteorology,  physics,  (hemiHtr}-.  iDineraloi;y,  botany,  loology,  and  anthro- 
pology. This  latter  plan  was  contiuoed,  tboogb  not  altogether  satisfactorilT.  down 
to  and  inclnding  the  year  IW. 

In  the  report  for  IMS9  a  return  waa  made  to  the  earlier  method  of  pKaeuting  & 
miscellaneous  selectiou  of  papem  (.some  of  them  original;  embracing  a  coneidorable 
range  of  scientitic  investigation  and  discoMion. 

So  much  trouble  has  been  experirnceil  in  xecnring  -papers  of  the  characlar  deaiied 
for  tbe  general  appendix  uf  the  report  that  the  Secretary  has  stated  his  ideas  defi- 
nitely in  tbe  following  printed  rules  for  the  guidance  of  those  who  cooperate  in 
selecttDg  the  artietea: 

BBPOKT. 

So  mncb  (liBicnlt.v  has  been  found  in  ubtiiiuiuK  the  claae  of  tiapers  deeii«d  by  the 
Secretary  for  the  appendix  to  his  annual  reportthat  he  takes  tliia  method  of  express- 
ing Lis  wishes  to  thone  gentlemen  who  are  good  enough  to  favor  him  with  their 
cooperation  in  making  a  nelectiuu. 

He  asks  that  it  uiay  he  remembered: 

1.  That  these  papers  have  a  purpose  distinct  from  anj;  others  published  by  the 
Institution.  They  are  ouly  occasiutially  original  contriliutinus  lu  science.  They  are 
not  for  the  profi-s)iii>nal  reader  only,  or  even  cbietly,  but  they  are  addressed  to  th;it 
large  body  of  tbe  pablic  which  has  a  general  interc«t  in  scientific  matters  withont 
special  knowledge. 

'2.  That  while  it  is  always  a  rccouiniendation  that  tbey  should  have  been  written 
by  recogiiize<l  nuthoriUes,  yet  this  is  of  minor  iiupiirtan<'e  if  tbe  articles  are  sound 
ex|H»ition>i  of  the  subject.  Tlie  essential  thing  is  that  tliey  nliould  be  not  only 
sound  anil  instructive,  but  timely  and  interesting  to  the  nonprufesHiouat  reader,  and 
in  that  good  sense  popular.     If  they  are  accompanied  by  illustratious  all  the  bettor. 

3.  As  tliey  am  wanted  to  serve  as  n  kind  of  survey  of  the  whole  tield  of  the 
•vien res,  both  phyHical  and  biological,  for  the  pant  year,  it  is  as  a  rule  iniprai-ti cable 
to  print  more  than  one  ud  auy  particular  subject.  While  the  Secretary  will  be  very 
gla<1,  then,  to  have  any  numl>er  euKgested  in  Eoglisb,  French  or  German  which  will 
meet  thefe  re<|Uiremeiiis.  ho  will  not  expect  as  a  rule  to  make  use  of  more  than  one. 

4.  Ths  papers  may  be,  in  exceptional  cosee,  as  brief  as  1.000  words.  They  shonld 
rarely  exceed  10,000  or  12,000. 

5.  At  tbe  rink  of  needlosH  iteration  it  is  repeated  that  what  in  wanted  is  not  for 
the  BtiecialLst,  but  iuterenting  iitid  popular  expoaitiotis  uf  whiit  the  specialist  knows 
to  be  sound  and  opportune. 

S.  1'.  LanoijcV,  Sevrelarg. 
Wasiiinuton,  D.  C,  March.  ISas. 

I.    CONTIUtHTIONH  TO   KNOWLEDGE. 

One  new  memoir  of  the  "Coutrilintioits,"  on  Specllic  Heat  Ratios,  has  been  pul>- 
lisheil,  and  Secretary  Langley's  memoir  on  Internal  Work  of  the  Wind  has  been 
reprinted  in  a  steall  edition  with  some  slight  additions  and  changes. 

No.  1126.  A  Detenu  in  atiun  of  the  llatio  <  Kappa)  of  the  Specilic  Heats  at  Constant 
PressniB  and  at  Constant  Volume  for  Air,  Oxygen,  Carbon- Dioxide,  and  Hydrogen. 
By  O.  Lummer  and  K.  Pringshoim.  City  of  Washington.  Published  by  the  Smith- 
Honiiiu  iustitutiou,  I89S.  4".  V  -|-  2!)  pp.,  with  1  plate  and  3  text  figures.  (From 
Smithsonian  I'outributions  to  Knowledge,  Vol.  XXIX.) 

This  niemolT  Is  tlie  result  ofii  stories  of  in vestigatinns  by  Drx.  Lummer  and  I'ringa- 
hime,  aided  by  a  grant  Irom  the  llodgkliis  fund. 
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:,   MIBCBLIiANROirS  CIILLKCTIOKB. 


Of  the  HiBcsllsaeoiiB  Collections  five  new  works  have  b«en  publinhvd  lince  the 
editor's  last  report,  and  the  SmitiiHoiiiau  Heteorological,  Geographical,  and  Phjreleal 
Tables  have  been  reprinted. 

At  the  close  of  the  year  much  progress  ha<l  been  made  in  printing  a  SnpplBineiit  to 
Bolton's  Blliliugraphy  of  Cbemiatry,  which  will  include  about  4,000  lulditioiial  titles 
of  chemical  pnblications. 

Volames  XXXVII,  XXXVIII  and  XL  of  the  Colloctiona  were  also  completed  ami  the 
coven,  tltlen,  and.  other  preliminary  pages  dletrlbnted.  Ports  of  Volume  XXXIX 
have  been  issned  and  the  whole  volume  will  soon  be  completed. 

The  new  works  are  as  follows:  Catalogneof  Scienttllc  and  Technloftl  Periodicals; 
Catalogue  of  Pacific  Coast  Earthquakes;  Review  and  Bibliography  of  Metallic 
Carbidea;  Bibliography  of  Hetals  of  the  Platiunm  Oroop;  and  a  report  on  the 
effects  of  impure  air  on  the  vital  resistanee  of  ani'nala  to  diaease. 

No.  1076.  A  Catalogne  of  ScieuiiBe  and  Technical  Periodicals,  1666-1696.  By 
Henry  Carrington  Boltou.  Second  edition.  City  of  Waablngton.  Published  by 
the  Smithsonian  Institution,  1897.  8°.  VII  +  1217  pp.  (Oom  Smithsonian  HIacel- 
laneons Collections,  Vol.  XL.) 

In  the  preface  the  author  saya : 

"As  was  atati.'d  in  the  first  edition  of  thia  oatalogne,  issued  in  1885,  it  is  intended 
to  contain  tbeprincipal  independent  periudicala  of  every  branch  of  pure  and  applied 
aoience  published  in  all  oonntries  fVom  the  rise  of  thia  literatnre  to  theprexent  time. 
The  compiler  ho*  endeavored  to  givefnll  titles,  names  of  editors,  seguenoe  of  seriea, 
and  other  bibliographical  iletaiU,  and  to  arrange  the  whole  on  a  simple  plan  con- 
venient for  refereuce.  The  range  of  topics  is  shown  in  the  Indei  of  Subjects ;  while 
medicine  hna  been  cseluded,  anatomy,  physiology,  and  ycterinnry  science,  being 
related  to  zoology,  have  been  adtnittea.  With  a  few  exceptions  serials  constitutinK 
transactions  of  Teamed  societies  have  been  omitted ;  those  admitted  either  form  part 
of  a  series  began  or  ending  in  an  independent  periodical,  or  are  presumably  not 
eiclnsively  devoted  to  the  proreedings  of  the  aocieties  by  which  they  are  edited. 

"Some  of  tbe  jonmuls  inclodod  in  this  catalogne  are  of  doubtful  scientiflo  value, 
and  the  right  of  sometolx)  classed  as  periodicals  is  questionable.  In  theeeandotiier 
debatable  cases  nmay  titles  have  been  admitted  on  the  gronnd  that  'in  a  biblio- 
graphy it  is  much  better  that  a  book  should  be  found  which  is  not  sought,  than 
that  one  should  be  songht  for  and  not  found.*    (Zuchold.) 

"The  plan  of  the  cataloene  is  as  fallows:  The  titles  are  arranged  alphabetlcallv 
by  the  first  word,  the  articles  and  the  adjective  'new'  (with  its  equivalents  in  dif- 
ferent laugnages)  alone  excepted.  The  various  titles  borne  by  a  periodical  at  differ- 
ent times  are  arranged  in  ohronologioal  order  under  the  Krst  or  earliest  titlea  of  the 
series.  Cross-references  have  been  freely  introduced,  and  are  of  four  kinds;  (1)  from 
the  later  to  thn  fintt  title  of  a  periodical  which  baa  suffered  changes  in  title;  (2) 
t^om  short  titles  in  common  use  to  the  correct  deeignatlons;  (8)  fVom  the  names  of 
the  principal  editors  to  the  journals  conducted  by  them ;  (1)  in  the  cose  of  astro- 
nomical publications,  from  the  places  in  which  the  observatoiies  are  situated  to  the 
titlea  of  the  periodicals  issned  therefrom. 

"  Part  I  of  the  alphabetical  catalogne  is  a  reprint  from  the  plates  of  the  first  edi- 
tion after  having  mode  the  changes  necessary  to  briug  the  titles  down  to  date. 
Part  II  contains  additions  to  the  titles  of  Part  I  that  could  not  lie  inseri-ed  in  the 

flatee,  together  with  about  3,600  new  titles.  The  letter  •»'  following  a  title  in 
art  I  refers  to  additional  information  in  Parii  II.  Numbers  Inolosed  in  brackets  in 
Part  n  denote  that  earlier  data  will  be  found  in  Part  I. 

"Thecbronoloslcal  tableeare  deaiguod  to  give  the  date  of  the  pnblication  of  each 
volnmeof  the  periodicals  entered,  aeeiplainedon  pages  1018  and  1018.  By  these  tables 
the  date  of  a  given  volume  in  a  given  series  of  a  given  work  may  be  found,  or  the 
number  of  a  volume  may  tw  ascertained  when  the  date  only  is  known.  Librarians 
will  find  the  tables  of  service  in  determining  bibliographical  data  of  series  not  in 
their  collections.  The  alphabetical  list  of  periodicals  SDonld  always  be  consulted 
in  connection  with  the  chronological  tables.  An  index  to  the  periodicals  contained 
in  the  tables  will  be  fonnd  at  their  close, 

"The  library  check  list,  showing  in  what  American  libraries  the  periodicali  may 
be  found,  is  an  atti'nipt  to  earrv  out  on  a  continental  scale  that  which  has  been  done 
by  librarians  in  several  localities.  The  data  were  gathered  by  means  of  circulars 
and  forms  distrllmted  by  the  Smithsonian  Institution  io  about  200  libraries.  The 
ntums  from  133  libraries  were  codified  by  the  institution.     It  Is  believed  that  the 
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sew  ch«ck  liat  to  the  (tncoDdeditionU  far  more  complete  and: , 

and  JoatiBefl  the  delsy  of  nearly  twelve  months  in  the  pnblication  of  the  volome. 
The  nnmber  of  periodicals  noted  is  uhaut  3,160  out  of  the  «,600  In  the  cataloga«. 

"The  material  for  this  work  has  been  gathered  from  alt  aTatlnble  bibliu^rapbiea 
and  bj  personal  examination  of  tlie  shelves  and  of  the  printed  and  manuacnpt  cata- 
logues of  man;  libraries  in  the  United  States,  England,  France,  Belgium,  Germany, 
and  Italy.  As  a  last  reoort  cironlars  wore  sent  out  through  the  Smithsonian  luati- 
tntion  to  pqhlishera  in  several  conntries  asking  for  Bpeciiiirii  unuibers  of  their  jour- 
ni^;  the  titloe  were  then  transcribed  from  the  onmbers  received. " 

No.  1064.  BibliographroftbelletalHof  the  Platinum  Group:  Platinum,  FalladioiD, 
Iridium,  Bhadiam,  Oeminm,  Butheuinm.  1748-1)^.  By  Jas.  Lewis  Howe.  City  of 
Washington.  Published  by  the  Smithsonian  Institntion,  1897.  S-".  318  pp.  (FornM 
part  of  Vol.  XXKVIIl,  Smithsonian  Hiscellaneons  Collections.) 

No.  1067.  A  Catalogne  of  Earthquakes  on  the  Pacific  Coast,  1T6»-189T.  By 
Edward  S.  Holden,  LL.  D.  City  of  Washington.  Published  by  the  Smithsonian 
Institnlion.  1898.  8^.  IV +353  pp.,  with  5  plates  and  6  text  Gguree.  (Forms 
part  of  Vol.  XXXVII,  Smithsonian  Uiscellaneonq  Collections. ) 

This  paper  is  an  eifaaaslive  list  of  earthquakee  recorded  on  the  Pacific  coast  from 
1769  to  1897  and  includes  a  complete  account  of  the  earthquake  observations  at 
Haunt  Hamilton  during  the  years  1887  to  1897,  together  with  an  abstract  of  infor- 
mation which  has  been  collected  regarding  Pacific  coast  earthquakes  daring  that 

No.  1090.  Beview  and  Bibliography  of  the  Metallic  Carbides.  By  J.  A.  Uathawe, 
If.  S.,  M.  A.,  F.  C.  S.  City  of  Washington.  Published  by  the  Smithsonian  Insti- 
tntion. 1898.  32  pp.  (Forms  part  of  Vol.  XXXVIII,  Smithsonian  Misoellaneooa 
Collections.) 

In  general  plan  the  work  gives  a  condensed  account  of  the  methods  of  prepara- 
tion, and  the  physical  and  chemical  properties  of  the  carbides,  arranged  in  alpha- 
betical order,  following  each  descriptive  portion  with  references  to  the  lit«rsturs 
bearing  thereon.    The  author  aays : 

"Within  the  last  five  years  the  renewed  attention  of  chemista  hue  been  turned 
toward  this  class  of  compciunds,  and  new  carbides  have  been  produced  in  rapid  sno- 
oession.  Eiperiments  upon  the  reduction  of  metallic  oxides  by  means  of  carbon  in 
an  electric  furnace  have  reenlted  in  the  production  of  many  of  the  newly  discovered 


carbides.  In  studying  the  literature  of  these  compounds  the  work  o 
especially  noticeable.  Mote  than  to  all  other  chemists  together  is  praise  due 
Henri  Hoissan  for  the  untiring  energy  with  which  he  has  investitcated  the  cartxt- 
metallio  oomponuds.  So  often  has  he  astonishod  chemists  with  the  results  of  his 
electro-chemical  experiments  that  new  discoveries  by  him  are  likely  to  be  considered 
as  a  matter  of  course.  M.  Moissan's  work  upon  artificial  diamonds  is  one  of  the 
greatest  achievement  of  science  in  imitating  natnte's  methods. 

"In  conducting  his  experiments  Moissan  makes  use  of  an  electric  furnace  of  ven- 
simple  construction.  It  cunaiste  of  a.  limestone  block,  in  the  upp<T  surface  of  which 
is  chiseled  a  rectangular  cavity,  which  is  lined  with  a  coating  of  magnenia  and  of 
carbon.  Through  oppusite  sides  of  the  block  are  inserted  elont  carl>on  electrodes, 
and  throagb  one  of  the  other  sides  is  on  opening  through  which  a  carbon  tabe  is 
inserted.  In  this  tnhe  the  materials  to  he  heated  are  placed  and  thus  inserted  into 
the  arc.  It  is  estimated  tlint  a  temperature  of  4,000°  is  ohtalned  in  ihis  furnace. 
Before  osiug  the  fnmaoe  it  is  covered  with  another  piece  of  limestone,  on  the  lower 
side  of  which  are  layers  of  magnesia  and  carbon,  which  fit  into  or  cover  the  cavity 
of  the  lower  block.  So  poorly  do  these  materials  conduct  heat  that  the  hand  may 
be  kept  on  the  ontsideof  the  famooo  for  several  minutes  after  the  current  is  started. ' 

No.  1125.  An  investigation  on  the  Influence  upon  tlif  Vital  Resistance  of  Animals 
to  the  Micro-organisms  of  Disease  brought  about  by  Prolonged  Sojourn  in  Impure 
Atmosphere.  By  D.  H.  Bergey,  M.  D.  City  of  Washington.  Published  by  the 
Smlthsoniun  Institution,  1898.  8°.  10  pp.  (F'orms  part  of  Smithsonian  Miscella. 
neouB  CoUeotions,  Vol.  XXXIX.) 

This  is  a  report  of  an  Inveetigatlon  outlined  by  and  conducted  under  the  super- 
rieioQ  of  Drs.  John  S,  Billings  and  8.  Weir  Mitchell,  in  which  an  attempt  h'as  been 
made  to  detennine  whether  '  ihero  produces  detrimental  inflneoaenpou 

the  animal  organism,  as  si  >HsoeptibiUty  to  certain  diseases.    The 
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impDrities  te8t«(l  were  carbonic-acid  gas  and  reapirktory  Impnritiea,  uid  the  micto- 
organiama  were  sl^aphylococcaa,  diphtheria,  and  bacilliia  tuberculosis.  Dr.  Bergef 
snmmarizes  the  results  of  bis  iuvestigatioQ  an  follows: 

"Iq  the  Btaphylocoorns  and  dipbtberla  iooculationa  tbo  caltures  nsad  nppear  to 
have  been  ioaunicieiitlf  attenuateil  to  ehow  anr  diSerenoe  iu  the  effect  produoed 
npon  tli0  uniraals  under  ezperiiucut  and  the  control  auiriialH,  It  is,  however,  Tory 
doubtful  whether  cultures  of  these  organisms  could  be  attenuated  to  such  a  degree 
as  to  still  kill  a  weakened  animnl  and  not  kill  a  control,  healthy  animal. 

"  The  anthrax  vaccines  naed  do  not  kill  a  healthy  Euinea  pis.  but  it  was  expected 
that  the  aninjals  mijcht  present  sufUcient  loweringofthe  vitality  to  become  anected 
by  tb«  vaccin«B.  This,  however,  was  not  the  cose.  The  animaiH  havlaK  failed  lodle 
from  ibe  eft'oota  of  the  anthrax  vaccines,  they  were  then  inoculuted  with  an  atten- 
nated  culture-of  tuberculosis.  All  the  animals  nudi^r  experiiuetit  died  mach  earlier 
than  the  coDtrol  animala.  These  results  indicate  a  lowered  vitality.  Whether 
this  lowered  vitality  was  brought  about  by  the  atmospheric  oonditions  under  which 
they  bad  lived,  or  whether  it  was  brought  about  eolely  through  changes  in  Ibeir 
diet  while  under  experiment,  or  whether  botli  these  causes  were  active  in  producing 
the  result,  it  is  imposeible  to  siiy.  The  animals  lost  Hesh  and  decreased  in  weight 
while  under  experiment.  It  i»  not  improbable  that  the  loss  in  weight  and  tbe 
decreaae  in  vitality  are  both  traceable  to  the  Hiime  oauHes." 

No.  ffJ».  Smithsouian  Uisoellaneous  Collections.  Vol.  XXXVII.  Washington 
City.     FnbliHhed  by  the  Smithsonian  Institution,  1K)7.     «-•.     91S  pp. 


lodsi  to  Geaen  and  Speciei  of  Foniiiiliiiren.   By  ChirlHi  I>ul«  BheHHirn.    Parts  t  sod  U. 
WuhingtoD.  1W3,  ISM.    (NuDbsni  85«,  1031.) 

UaiiDtaia  Obaeivatonu  of  Amariui  >uil  Karope.     By  Edviinl  S.  Holdeu.     WutaingUni,  IMO. 

Virginia  Cartogrmpiiy.    Uy  P.  L««  Pblllipg.    Wuhiof  too, !»«.    (»uiDl>er  Idas.) 
Cstalogiia  nl  Elutliqiuikes  on  PuiHc  Caut,  17W  to  18»T.    By  Bdvird  S.  Huidra.     WasblnKton, 
1898.    {NumberlOST.) 

No,  979.   Smithsonian   Miscellaneous   Colkclioiii.     Vol.   XXXVIII.     Woshiugton 
City.    Published  by  tbe  SmitbsauiaD  lustiliitiuD,  1898.    8'^.     lOOS  pp. 


VarietlcK  of  HuDiui  Species.    By  Glusoppa  Sergl.    WuhinEton.  IBM.    (KamberMS.) 
Bibliography  or  Aiwto  Acetio  Ester.    By  Pnal  U.  Sejaioor.    Wublngton.  IBM.    (Nnmlwr  VTO,) 
IndeiH  to  Litontuns  of  Ceriaoi  and   LanlhiuiuDi.    By  W.  B.  Mtgee.    WufalngbiD.  iras. 
imbdrm.l 

lahlnglon.  IBM.    (NDtnbcr  B12.> 
rke.    WubingtoD.  ISm.    (Nambor 
1076.) 

Blbllogiapby  at  MeUls  of  tbe  Flatlnaoi  Group.    By  Jas.  Lewis  Hoire.    Wwhingtoa.  legi. 
(KninbCT  IDM.I 

Rei-leo  ud  BlblioKTiiihy  of  ths  UsUlili:  Carbides.    By  J.  A.  Mathews.    Wublngloii,  IHW. 
(Number  IMM.) 

Xo.  1093.   Smithsonian   Miarellaiieons  Collectlous.     Vol.  XL.     Wnshingtou  City. 
Publiabed  by  the  Smithsonian  Institution,  1898.    »'.     1259  pp. 


AoatalngueorSi:ientiai'aucITeebiilaal  Periodicals,  leOS-IBK.    By  H.  C.  BalUiii.    Hveond  editioo, 
18B7. 

lit.    SUITIISONIA.V   AKNl'AL   KKI-ORTS. 

The  Aonnal  Reports  of  tbe  Institutiun  for  the  years  i8'J6  and  1S9T  bud  not  been 
distributed  at  the  cloae  of  the  fiscal  year,  tfaongh  both  volumes  were  nearing  com- 
pletion by  tbe  Public  Printer.  The  separate  papers  of  tbe  1896  volume  were  about 
ready  for  delivery  and  the  whole  volnnio  was  in  the  bindery.  Presswork  was  in 
progress  on  the  report  for  1S9T,  and  it  ia  expected  that  both  reports  will  soon  be 
published  in  the  new  «tylu  of  binding  recently  adopted; 
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The  general  appendis  of  the  report  for  IWJ  will  contain  the  fbllowlut;  papers: 

Aspects  of  American  Astronotny,  by  Simon  Newcomb. 

The  Beginnings  of  Americsn  Aetrouoiny,  by  Edward  S.  HoLden. 

The  Evolnlion  of  Satelliten,  by  G.  H.  Darwin. 

Electrical  Ad\'ance  in  the  Past  Ten  Years,  by  Eiihu  Tbonaan. 

The  X-Rays,  by  W.  C.  RGntgen. 

Cathode  Kays,  by  .1.  J,  Thomaou. 

Stor;  of  Eiperimenta  in  Mechanical  Flight,  by  W.  P.  I.angloy. 

On  Soaring  Flight,  by  £.  C.  Huffaker. 

The  R«Tival  of  Alchemy,  by  H  C.  Bolton 

Diamonds,  by  William  Cruokes. 

The  Discovery  of  New  Elements  within  the  Last  Twenty-Pi»e  Years,  by  Cletuena 
Win  Icier.  ■ 

An  Undiscovered  Qas,  by  William  Ramsay. 

Flnorine,  by  Henri  Moissan. 

Light,  and  its  Artificial  Prod  action,  by  O.Lnmmer. 

EKplorationa  of  the  Upper  Atmoephere,  by  Henri  do  Gralllgny. 

The  Exploration  of  the  Free  Air  by  Means  of  Kites  at  Blue  Hill  Observatory,  by 
A.  Lawrence  Rotch. 

The  Debt  of  the  World  to  Pure  Science,  by  John  J.  Sterensoa. 

The  Age  of  the  Earth  as  an  Abode  Fitted  for  Life,  by  Lord  Kelvin. 

Rising  of  the  Land  Around  Hudson  Bay,  by  Robert  Itell. 

Crater  Lake,  Oregon,  by  ,1.  S.  Diller. 

The  Fnnction  and  Field  of  Geography,  by  J.  Strott  Keltiu. 

Letters  from  the  Andr^e  Party. 

Scientific  Advantages  of  an  Aiitarctio  Expedition,  by  John  Mumty  ami  others. 

Recent  Progreeii  in  Physiology,  by  Michael  Foster. 

The  Factors  of  Organic  Evolatioa  from  a  Botanical  Standpoint,  by  L.  H   Bailey. 

The  Law  which  Underlies  Protective  Coloration,  by  Abbott  H  I'hayer. 

Life  History  Studies  of  Animals,  b;  L.  C.  Miall. 

The  Royal  Menagerie  of  France,  and  the  National  Menagerie,  l^tablished  on  the 
Uthof  Bmmaire,of  the  Yearll  (November  4, 1793),  by  K.T.Hamy. 

Botanical  Opportnnity,  by  William  Trelease. 

Uoscal :  A  New  Artificial  Paradise,  by  Ilavelock  Ellis. 

The  Unity  of  the  Human  Species,  by  Marquis  de  Nailaillac. 

Recent  Research  in  Egypt,  by  W.  M.  Flinders- Petrie. 

A  Stndy  of  the  Omaha  Tribe :  The  Import  of  the  Totem,  by  Alice  C.  Fletcher. 

A  New  (ironp  of  Stone  Implements  from  the  Southern  Shoren  of  Lake  Michigan, 
by  W.  A.  Phillips. 

A  Preliminary  Account  nfArohieologioa]  FieldWorkin  Arizona  iii  1897,  by  J.  Walter 
Fewkes. 

The  Building  for  the  Library  of  Cougrees,  by  Bernard  R.  Green. 

Francis  Amasa  Walker,  by  George  F.  Hoar  and  Carroll  1 ).  Wright. 

The  Museum  votnme  of  the  Kmithsonlau  Report  for  1895  was  distributed  and  the 
volnhics  for  1896  and  1897  were  well  advanced  toward  publication  at  the  close  of 
the  fiscal  year.  The  1896  volume  was  nearly  all  in  type,  and  also  a  portion  of  the 
Report  for  1897. 

No.  1078.  B.  Annual  Report  of  the  Board  of  Regents  of  tiie  Smithsonian  Institu- 
tion, showing  the  operBtions,  expenditures,  and  condition  of  the  Institution  for  the 
jear  ending  June  30,  1895.  Report  of  the  United  States  National  Mnsenm.  .  Wash- 
ington: Government  Printing  Office,  1897.  8"^.  \x,  lOMO  pp., 154  plates  and  382text 
figures. 

Part  I  of  this  volume  ci—*"'"*  ■>  report  upon  the  condition  nnd  progress  of  the 
United  States  National  '  "  the  your  ending  June  30,  18SI5,  by  Assistant 

Secretary  G.  Brown  Go  ces,  nnd  I'art  II  consittts  of  papers  describ- 

ing and  illnsttating  thf  ''latioual  Museum,  as  follows:  The  Social 
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OrgBDizatiuns  aud  tbo  S«ort(t  Sooiutinii  of  the  Kwftkiutl  Indiann,  b;  Franz  Bom,  pp. 
311-738;  The  Graphic  Arc  of  tbe  Eakimo,  by  Wsltei  James  Hoffman,  pp.  739-968; 
Notes  on  tbe  Geology  anrl  Natural  History  of  the  Penineul*  of  Lower  Califoroia,  by 
George  P.  Herrill,  pp.  969-99i;  The  Mineralogical  Collections  in  tbe  Uuited  States 
NatioDsl  Mdmod),  by  Wirt  ToMin,  pp.  995-1000;  The  ToDguea  of  Birds,  by  Frederic 
A.  LnoM,  pp.  1001-10201  The  Ontonagou  Copper  Bowlder  in  the  United  States 
National  Uuhdiu,  by  Charles  Moore,  pp.  1021-1030;  Tazidermical  Methods  in  tbe 
Leydea  Museum,  Holland,  by  R.  W.  Shnfeldt,  pp.  1031-1037;  The  Antiquity  of  the 
Red  Race  in  America,  by  Thomas  Wilson,  pp.  1039-1015. 

IV.    PAPKRS   FROM  ANNCAL  REPOKT. 

No.  107i.  Report  of  S.  P.  LuDgley,  Secretary  of  tbe  Smithsonian  InHtitution,  for 
the  year  ending  Jane  SO,  1896.  (From  the  Smithsonian  Report  for  1896.)  Octavo 
pamphlet  of  77  pages,  mith  6  plates. 

No.  1094.  Journal  of  ProouedlngH  of  tbe  Board  of  Regents  of  tbe  ftmitbsonlQn 
Institntlon.  Report  of  eicriitlve  committee.  Acts  and  resolotions  of  CongreM. 
(From  the  Smithsonian  Report  of  1896.)    Octavo  pamphlet  of  41  pageo. 

No.  1096.  The  Problems  of  Astronomy,  by  Simon  N«wcomb.  (From  the  Smithso- 
nian Report  for  1896.)    Octavo  pamplili't  of  10  paries. 

No.  1096.  The  Inveatjgatioiie  of  Uermau  tod  Helmholtz  on  the  Fundamental 
Piinciplea  of  Mathematics  and  Mechanics,  by  Leo  Koenigsberger.  (From  the  Smith- 
sonian Report  for  1896.)     Octavo  pampbletof  32  pages. 

No.  1097.  Physical  Pbenomenaof  tbe  Upper  Regions  of  the  Atmosphere,  by  Al&ed 
Comn.  (From  the  Smithsonian  Report  for  1896. )  Octavo  pamphlet  of  9  pages,  with 
1  plaU. 

No.  1098.  New  Researches  on  Liqnid  Air,  by  Professor  Dewnr.  (From  tbe  Smith- 
sonian Report  for  1896.)    Octavo  pamphlet  of  14  pogeSj  with  i!  plates. 

No.  1099.  Meteorological  Observatories,  by  Ricbanl  Inwards.  (From  the  Smith- 
sonian Report  for  1896.)    Octavo  pamphlet  of  18  pages. 

No.  1100.  Color  Photography  by  means  of  Body  .Colors,  and  Mechanical  Adapta- 
tion in  Natnre,  by  Otto  Wiener,  (From  the  Smithsonian  Report  for  1896.)  Octavo 
pamphlet  of  39  pages. 

No.  1101.  PreaentStatusof  tbe  Transmission  and  Distribution  of  Electrical  Energy, 
by  Lonla  Doncau.  (From  tbe  Smithsonian  Report  for  1896.)  Octavo  pamphlet  of 
16  pages. 

No.  1102.  The  Utilization  of  Niagara,  by  Thomas  Commerford  Martin.  (From  the 
Smithsonian  Report  for  1896.)    Octavo  pamphlet  of  10  pages,  with  3  plates. 

No.  1103.  Earth-crnst  Movements  and  their  Causes,  by  Joseph  Le  Coote.  (F^m 
the  Smithsonian  Report  for  1896.)    Octavo  pamphlet  of  12  page*. 

No.  1104.  Tbe  Physical  Geography  of  Anstrolla,  by  J.  P.  Thomson.  (From  the 
Smithsonian  Report  for  1896.)    Octavo  pamphlet  of  28  pages. 

No.  1105.  Arctic  Explorations,  by  A.  H.  Markham.  (From  the  Smithnotiisn  Report 
for  1896.)     Octavo  pamphlet  of  24  pages. 

No.  1106.  The  Animal  as  a  Prime  Mover,  by  R.  H.  Thnrstoii.  (From  the  Smith- 
sonian Report  for  1896.)    Octavo  pamphlet  of  42  pages. 

No.  1107.  Recent  Ad vanoee  in  Science,  and  their  Bearing  on  Medicine  arid  Surgery, 
by  Michael  Foster.  (From  the  Smithsonian  Report  for  1S96. )  Octavo  pampbletof 
26  pages. 

No.  1106.  Lndwig  and  Modem  Physiology,  by  J.  Bnrdon  Sanderum.  (From  the 
Smithsonian  Report  for  1896.)    Octavo  pamphlet  of  15  pages. 

No.  1109.  Tbe  Processes  of  Life  Reveled  by  the  MIcroncopo;  a  Plea  for  Physiolo- 
gical Histology,  by  Simon  Henry  Gage.  (From  tbe  Smithsonian  Report  for  1896.) 
Octavo  pamphlet  of  16  pages,  with  6  plates. 

No.  1110.  The  General  Condltiims  of  Existence  and  Distribntlon  of  Marine  Organ- 
isms, by  Dr.  John  Murray.  (From  the  Smitheonian  Report  for  1896.)  Octavo  pam- 
phlet of  13  pages. 
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Hii.  1111.  The  Bioto(;ic  Belstionsof  Plants  Md  Auts,  b;  Dr.  Heim.  (From  the 
S:uit1iHODinD  Report  fur  1896.)    Octavo  jiampblet  of  45  pages,  with  6  platvB. 

No.  1112.  Some  Questions  of  Nomendatoro,  bf  Theodore  Gill.  (From  the  Smith- 
aonion  Report  for  1896.)    Octavo  pamphlet  of  27  pagsa. 

No.  1113.  The  War  with  the  MicrobBa,b;E.  A.  De  Schweinitz.  (From  the  Smlth- 
eonian  Report  for  18%,)    Octavo  pamphlet  of  12  pages.- 

No.  1114.  The  Earer  Metale  and  their  Alloya,  by  W.  Chandler  Roberts-AnateD. 
(From  the  Smithsonian  Report  for  IH9G. )    Octavo  pamphlet  of  19  pagcn,  with  4  plates. 

No.  1115.  Preliminary  Accoont  of  nu  Kipeilition  to  the  Pueblo  Ruins  near  Winslow, 
Ari/.,  in  1896.  (From  the  Smithaoniau  Report  for  1896.)  Octavo  pamphlet  of  23 
pagea,  with  29  p)at«B. 

No,  lln;.  Was  Primitive  Man  a  Modern  SavaRet  by  Taloott  WilUams.  (Prom  the 
Siiiitlisonian  Report  for  1896,)    Octavo  pamphlet  of  8  pages. 

No.  1II7.  Bens  and  ArrowH  in  Central  Itrazil,  by  Hermann  Meyer.  (From  the 
Smithsonian  Report  for  1896.)     Octavo  pamphlet  of  42 pages,  with  5  p1at«B. 

No.  1118.  Account  of  the  Work  of  the  Service  of  Antifiuitiexof  Egypt  andof  the 
Egyptian  iDstitute  during  the  years  1892,  1893,  and  1894,  by  J,  De  Morgan.  (From 
the  Smitbaonian  Report  for  1896.)     Octavo  pamphlet  of  22  pagea. 

No.  1119,  Report  upon  the  Exhibit  of  tbe  SmitbHOoiua  Inetttiitioii  and  the  United 
States  National  Mnseum  at  tbe  Cotton  f^tutea  and  International  ExpoBitiou,  Atlanta, 
Ga.,  1895.  (From  the  Suiithaouian  Bcport  for  1896.)  Octavo  pamphlet  of  23  pages, 
with  1  plate. 

No.  1120.  Memorial  of  Dr.  Joseph  M.  Tuner,  by  Ainswortb  R.  SpolTord.  (From  the 
Smithaoniau  Report  for  1896.)     Octavo  pamphlet  of  7  pages. 

No.  1121.  ^^'illiam  Bower  Taylor,  by  William  J.  Ubees.  (I'rom  the  Smithsonian 
Report  for  1896.)    Octavo  pamphlet  of  12  pages. 

No.  1122.  Joseph  Prestwich,  liy  H.  B.  WtKidword,  (From  the  Smithsonian  Report 
for  1896.)     Octavo  pamphlet  of  10  pagea. 

No.  1123.  HenryBrugacb.byG.  Uaapero.  (tYom  the  Smithsonian  Report  for  1896.) 
Octavo  pamphlet  of  6  pages. 

No.  1124.  A  Biographical  Sketch  of  John  Adam  Ryder,  by  Harrison  Allen.  (From 
tbe  Smithsonian  Report  for  1896,)    Octavo  pamphlet  of  Vi  pagea. 

V.    ni'KCIAI.   PtlBLK'ATIONH. 

No.  1091.  PublicalionR  of  the  Smithsonian  Institntiou  available  for  distribution 
April,  1898.  City  of  W>kahington,  April,  l>m.  H'^.  29  pp,  C'ontaina  a  list  of  such 
publications  »f  the  Inatitution  proper  ae  are  in  atook  available  for  sale  or  exohauge. 


The  publications  of  the  National  Museum  issued  during  the  year  were  tut  follows: 

MuBoiim  Report  lor  1895,  referred  tu  under  Smithsonian  Report. 

Proceedings  of  the  United  States  National  Museum,  Vol.  XIX,  published  under  tbe 
direction  of  the  Smithsonian  Inatitution,  Washington :  Government  Printing  Office, 
1897.    8^.    vni,  864  pp.,  68  plates. 

Thia  votame  contains  the  following  papers: 

Descriptions  of  new  CyuipidoDs  Galls  and  Goll-Waapa  in  the  United  States 
National  Mnseum,  by  William  H.  Asbmead;  Fishea  collected  at  Bering  and  Copper 
Islands  by  Nikolai  A.  Grebnitski  and  Leonhard  Stejncgor,  by  Tarleton  H.  Bean  and 
Barton  A.  Bean ;  Notes  on  Fishes  collected  in  Kamchatka  and  Japan  by  Leonhard 
Stejneger  and  Nicolai  A.  Grebnitski,  with  a  description  of  a  new  Blenny,  by  Tarle- 
ton II.  Bean  and  Barton  A.  Bean;  The  Food  Plants  of  Scale  lusects  (Cocoidce),  by 
T.  D.  A.  Cockerell ;  Report  on  the  Fishes  dredged  in  Deep  Water,  neat  the  Hawaiian 
Islands,  with  Descriptions  and  Figures  of  Twenty-three  new  Species,  by  Frank 
Cramer  and  Charles  Henry  Gilbert;  Report  on  the  Molluska  collected  by  the  Inter- 
national Boundary  Commission  of  the   United  States  and  Mexico,  1892-1891,  by 
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William  Healey  Dall;  DescriptioDH  of  Tertiary  Fossils  from  the  AutilleoD  RegioD, 
by  William  Henley  Dolt  aod  K.  J.  LeclimeTe  Ouppy;  Descrlptioas  of  Twenty-two 
new  Species  of  Flsbee  collected  by  the  steamer  Albatroii,  of  the  United  States  Flab 
Commitsion,  by  Charles  Henry  Gilbert;  Descriptions  of  New  Speciesof  North  Ameri- 
OMi  Coleoptera  in  the  FamilleeCerambycidcB  and  Scarabsidie,  by  Uartin  L.  Linetl;  On 
the  Inaects  collected  by  Dr.  Abbott  on  the  Seychelles,  Aldabra,  Olorioso,  and  E^vi- 
dence  islands,  with  Desariptione  of  Nine  new  Species  of  Coleoptera,  by  Martin  L. 
Linell;  Not«8  on  Larval  Cestodo  Parasites  of  Fishes,  by  Edwin  Linton;  Is  the  Flor> 
Ida  Box  Tortoise  a  Distinct  Species?  by  Einar  Lonnbecg;  Preliminary  Diognoaes  of 
new  Hamraals  from  the  Mexican  Border  of  the  United  States,  by  Edgar  A.  Meanu; 
Deecriptiona  of  Six  new  Mammals  from  North  America,  by  Edgar  A.  Meama;  Descrip- 
tion of  B  new  Genua  and  Fonr  new  Species  of  Crabs  from  vho  West  Indies,  by  Mary 
J.  Eathbnn;  Catalogue  of  a  oolleotion  uf  Birds  mode  by  Dr.  W.  L.  Abbott  in  Mada- 
gascar, with  descriptions  of  three  new  Species,  by  Charles  W.  Richmond;  Birds  of 
the  Qalapagos  Archipelago,  by  Robert  Ridgway ;  On  the  Fossil  Phyllopod  Genera 
Dipeltis  and  Protocaris,  of  the  Family  Apodidie,  by  Charles  Sobuchert;  On  the 
GeDue  Remoudia,  Gabb,  a  );roap  of  Cretaceous  Bivalve  Mollusks,  by  Timothy  W. 
Stanton;  A  Revision  of  the  Adult  Tapeworms  of  Hares  and  Babbits,  by  Cb.  Wardell 
Stiles;  A  Revision  of  the  American  Molee,  by  Frederick  W.  Trae;  Sunuoary  of  tho 
Hemiptera  of  Japan,  preeentod  to  the  United  States  National  Museum  by  Professor 
Uitiakori,  by  Philip  R.  Uhler;  Cambrian  Braohiopoda:  Genera  Iphidea  and  Yorkia, 
with  descriptions  of  new  species  of  each;  and  of  the  geuns  Actothele,  by  Charlea  D. 
Walcott. 

The  following  papeni,  comprising  Volume  XX  of  the  Proceedings,  were  isaned  tn 
pamphlet  form: 

Revision  of  the  Orthoptcran  Gronp  Melnnopli  (Acridlid»)  with  special  referenoe 
to  North  American  Forma,  by  Samuel  Hubbard  Bcudder,  pp.  1-431,  96  plates. 

Notes  on  Cestode  Parasites  of  Fishes,  by  Edwin  Linton,  pp.  423-156,  8  plates. 

Preliminary  Diagnoses  of  New  Mammals  of  the  Genera  Lynx,  Urocyon,  SpUogale, 
and  Mephitis,  from  the  Mexican  Boundary  Line,  by  Edgar  A.  Meame,  pp.  457—161. 

Deaoription  of  a  new  Blenny-like  Fish  of  the  Genus  Opisthoceatms,  collected  in 
Vulcano  Bay,  Port  Mororan,  Japan,  by  Nicolai  Grebnitaki,  by  Tsrletxtn  H.  Bean  and 
Barton  A.  Bean,  pp.  463-464,  1  plate. 

Deaoription  of  a  new  Crustacean  of  the  Oenns  Sphieroma  troia  a  Warm  Spring  in 
New  Mexico,  by  Harriet  Richardson,  pp.  465-166. 

Preliminary  Diagnoses  of  New  Mammals  uf  the  Genera  Mephitis,  Dorcelaphne,  and 
Dicotyles,  from  (he  Hexionu  Border  of  the  United  States,  by  Edgar  A.  Meams, 
pp.  467-471. 

New  Species  of  Coleoptera  of  the  Family  Chrysomelida<,  with  a  Short  Review  of 
the  Tribe  Chlamydimi,  by  Martin  L.  Linelt,  pp.  473-485. 

Notes  on  a  Collectian  of  Fishes  from  the  Colorado  Basin  in  Arizona,  by  Charles 
Henry  Gilbert  and  Norman  Bishop  Scofleld,  pp.  487-499,  4  platen. 

Preliminary  Diaguoaee  of  New  Mammals  of  tiie  Genera  Sciurus,  Caster,  Neotoma, 
and  Sigmodou,  ttoia  the  Mexican  Border  of  the  United  States,  by  Edgar  A.  Meams, 
pp.  501-605. 

Notes  on  Trematode  Parasites  of  FiaheH,  by  Edwin  Linten,  pp.  507-648,  IS  plates. 

A  list  of  the  birds  known  to  inhabit  the  Philippine  and  Palawan  Islands,  showing 
their  distribntioD  within  tlie  limits  of  the  two  groups,  by  Dean  C.  Worcester  and 
Frank  g.  Bonms,  pp.  549-£66. 

Notes  on  the  Distribntion  of  Philippine  Birds,  by  Dean  C.  Worcester,  pp.  567-626, 
1  map  and  6  distribution  charts. 

Supplement  te  the  Annotated  Catalogne  of  the  Published  Writings  of  Charlea 
Abiathar  White,  1886-1697,  by  Timothy  W.  Stanton,  pp.  62T-642. 

Obaervatlons  on  the  Astacidra  In  the  United  States  National  Hosenm  Mid  In  th* 
Moaeum  of  Comparative  Zoology,  with  Deaoriptions  of  New  Species,  by  Walter 
Fuon,  pp.  643-694,  9  plates. 
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A  Bevlsion  of  ths  Tropical  AlHoiui  Diplopoda  of  the  Puuilji  StroDgylowmatidte, 
by  O.  F.  Cook,  pp.  6^-708. 

Anrarioaii  Lttaf-Hoppera  or  the  Sabfamily  Typblocybiaie,  by  Clannce  P.  Oillette, 
pp.  709-773. 

A  Kevislou  of  tliB  Deep- Water  Motlnaca  of  the  Atlantic  t'oaat  of  North  America, 
with  DeMriptiooB  of  Ne'w  Qenera  and  Speoie*,  Part  I,  Bivalvia,  by  Addison  E.  Vetrill 
and  Ratberine  J.  Bnah,  pp.  775-801,  27  plstw. 

The  Mnaenm  also  pnbliehed  Part  L  of  BoUetiii  39,  contaiDing  iustraotioDi  for  the 
oollectlonof  ecaleiiueota,  by  Prof.  T.  D.  A.  Cookerall,  and  Circular  48,  relating  to  the 
collection  and  preaervation  of  the  bones  and  teeth  of  the  masUidou  and  mammoth. 

VII.    BUEIBAU   OF   BTBKOMKiV   REPORTS, 

Ko  completed  volumes  of  the  Reports  of  the  Bnrean  of  American  Ethnology  wece 
iasaed  daring  the  year.  The  seventeenth  report  was  sent  to  the  Public  Printer  on 
July  6,  1897,  and  typesetting  was  prftotioBlly  completed  daring  the  Haoal  year. 
This  report  contains  memoirs  on  The  Seri  Indiana,  Calendar  History  of  the 
Kiowa  Indiana,  Navabo  Hoom,  and  Archteologicral  Expedition  in  Arizona  In  1896. 

The  eighteenth  report  was  eent  to  the  Pnblic  Printer  on  March  11,  1898,  and  con- 
tains papers  on  The  EsUmo  Aboat  Bering  Strait,  and  Indian  Land  CessionH  in  the 
United  States. 


Annual  Report  of  the  American  Historical  Aeaooiation  for  the  year  1S96,  Wasb- 
Ington,  Oovemment  Printing  Office,  1897.  K°,  2  vols.  Vol.  I,  pp.  1313;  Vol.  II, 
pp.  442. 

The  first  volame  oontsinB  the  proceedings  of  the  Twelfth  Annual  Meeting,  Decem- 
ber 20-31,  1896,  by  Herbert  B.  Adams,  Seontarj'i  report  of  the  Treasurer,  list  of 
Cominittees,  necrology,  and  the  following  papers:  Inaugnral  Address  of  Riehard  S. 
Btorra,  President  of  the  Association,  on  Contributions  made  to.  our  National 
Development  by  Plain  lien;  Leopold'von  Ranke,  by  £.  O.  Bourne;  The  Journals 
and  Papers  of  the  Continental  Congress,  by  Herbert  Frieilenwald;  The  Autt-rent 
Episode  in  the  State  of  New  York,  by  David  Murray;  A  Enow-Nothing  Legislature, 
by  G,  H,  Haynes;  Peale'e  Original  Whole- Length  Portrait  of  Washington,  by  Cbarlee 
Henry  Hart;  PoUttoal  Science  and  History,  by  J,  W.  Bargese;  The  Use  of  Hiator; 
made  by  the  Framere  of  the  Constitution,  by  E.  G.  Bourne;  Schemes  forEpiecopal 
Control  io  the  Colonies,  by  Arthur  Lyon  Croes;  The  Teaching  of  History,  by  Her- 
bert B.  Adanis ;  The  Teaching  of  European  History  in  the  College,  I>y  James  Harvey 
Robinson;  The  West  as  a  Field  for  Historical  Study,  by  Frederick  J.  Tamer;  A  Plea 
for  the  Study  of  Totee  in  Congress,  by  Orin  Grant  Libby ;  The  Northern  Lake  Fron- 
tier during  the  Civil  War,  by  J.  H.  Callahan;  Langdon  Chevea  and  the  United 
States  Bank,  by  Louisa  P.  Haskell;  The  Influence  of  the  American  Kevolution  on 
England's  Government  of  her  Colonies,  by  Oeorge  B.  Adams;  The  Government  of 
Federal  Territories  in  Europe,  by  Edmund  C.  Burnett;  The  Value  of  Maps  in  Bound- 
ary Disputes,  by  P.  Lee  Phillips;  Report  of  the  Historical  Mannscripte  Commis- 
sion of  the  American  Historical  Association,  containing  Guides  to  Archives,  Letters 
of  Phineas  Bond,  Letters  to  the  Duke  de  Uirepolx,  Letters  of  Stephen  Hi^inson, 
Diary  of  Edward  Hooker,  and  Clark-Genet  Correapondenoe ;  Public  Documents  of 
Early  Congresees,  by  Gen.  A.  W.  Greely ;  List  of  Books  Relating  to  America  in  the 
Registerof  the  London  Company  of  Stationers  from  1562  to  1638,  by  P.  Lee  Phillips; 
An  Eeeay  toward  a  Bibliography  of  Leopold  von  Rauke,  by  William  Price. 

The  seoond  volame  is  an  exhaustive  work  on  the  Proposed  Amendmente  to  the 
Constiintlon  of  the  United  States  during  the  Frst  Century  of  its  Existence,  by 
Herman  V.  Amee. 

The  report  of  the  Association  for  the  year  1897  was  transmitted  to  the  Public 
^*rinter  on  June  9,  1898,  and  was  partly  In  type  before  the  fiscal  year  ended.    This 
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report  conUlna  the  procoedinga  of  the  Thirteemtli  Annual  Meeting  December  28-30, 
1^,  by  Herberts.  Adsme,  Secretary!  report  of  the  Treaanrer;  list  of  Committeoe 
and  Offioen;  Inaiigiu'al  Addiets  of  Janios  Schooler,  President,  on  a  New  Federal 
Convention;  John  Cabot  anil  the  Study  of  Sonreee,  by  Oeorge  Parker  Winahip; 
To  What  extent  may  Undergraduate  Stadente  of  History  be  Trained  in  the  nee  of  the 
Sourcee,  by  Jamea  A.  Woodbom ;  The  Functions  of  State  and  Local  Biatorioal  Socle- 
tiea,  with  respect  to  Research  and  Publication,  by  J.  F.  Jameson',  State -Supported 
Hiatoriul  Societies  and  their  Functions,  by  Renben  Gold  Tbwaitos;  History  In  the 
German  O.vninasia,  by  Lucy  Mnynard  Salmon;  DiscnsBion  of  the  Relation  of  the 
Teaching  of  Eoouomic  History  to  the  Teaching  of  Politionl  Economy,  l>y  Henry  B. 
Gardner,  George  W.  Knigbt,  and  Henry  R.  (Meager;  Introduction  to  Southern  Eco- 
nomic History :  The  Land  System,  by  Jainee  Curtis  Batlagh ;  Mirabean  and  Calonne  in 
1786,  by  Fred  Morrow  Fling:  Some  of  the  Conaaqiienees  of  the  Lonlsiana  FnrohaM, 
by  Samael  M.  Davis;  National  Politics  and  the  Admission  of  Iowa  into  the  Union, 
by  Jamea  A.  Jamea;  Spaniah  Policy  in  Missiasippi  after  the  Treaty  of  Son  Lorenzo, 
by  Oanklin  C.  Riley ;  Cuba  and  Anglo- American  Rolationa,  by  Janice  Morton  Calla- 
han; The  Diplomacy  of  the  United  States  in  regard  to  Cuba,  by  John  H.  Lataoti; 
The  Protestant  Revolution  in  Maryland,  by  Bernard  C.  Steiner;  European  Bine 
Laws,  by  John  Martin  Vincent;  The  Fonoding  of  the  Oeruian  Reformed  Chnrch  in 
America  by  the  Untck,  by  Jamea  I.  Good ;  First  Snggestiooa  of  a  National  Obeervo- 
tory,  1825,  by  Jamea  C.  Courtenay;  Second  Annnal  Report  of  the  Hiatorical  Mann- 
seripta  Commibeion  of  the  American  Hiatorical  Aaaociation,  containing  listof  Seasions 
and  Journals  of  Colonial  Assemblies,  letters  of  Phinaas  Bond  (oonolnded),  and 
Mangourit  CorreapoDdence;  Onianaand  Venezuela  Cartography, by  P.  Lee  Phillipa; 
and  Bibliography  of  Alabama,  by  Thomas  M.  Owen. 

Respectftally  anhmitted. 

A.  ROWAKD  Clark,  SdiUtr. 

Mr.  8.  P.  Lanolby, 

Startlarji  o/  tht  Smithsonian  IniiUiition. 
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Sir:  I  have  the  honor  to  submit  the  foUowiag  report  on  the  exhibit  of  the  Suiih- 
•ODlao  InatitntioD,  the  Nationkl  Masenm,  aad  other  Iiukaiu  under  the  direction  of 
the  iDititntioo,  *t  the  TeoneBsee  Csntennial  EzpoBition. 

In  an  act  of  Congresa  approved  December  22, 1896,  ptoTision  was  made  for  partial- 
patiOD  in  the  exposition  by  the  Execative  Departmenta  of  the  Government,  the 
SmithBontau  Institntion  and  National  Masenm,  and  the  United  States  Fish  Com- 

The  exhibit  of  the  Smithsonian  Institatlon  was  Intended  to  illustrate  as  foil;  as 
possible  the  character  and  scope  of  tbe  work  accomplished  by  the  Institntion  and 
the  several  bareaus  under  its  direction.  For  obvious  reasons  the  activities  of  the 
National  Masenm  conld  be  represeiited  in  a  more  complete  mnnner  than  was  possible 
in  the  case  of  the  Institntion  proper,  or  of  any  of  the  other  bnreans  under  its 
dlreotion.  Almost  every  department  of  the  National  Museum  furnished  an  exhibit, 
althODgh  some  of  the  latter  ivere  mooh  fuller  than  others. 

The  space  assigned  to  the  Institntion  was  in  the  northeast  comer  of  the  Govern- 
ment building  and  comprised  about  6,000  square  feet.  There  was  a  frontage  of  101 
feet  OD  the  main  aisle  running  east  aud  west,  with  a  width  of  48  feet.  At  tbe  west 
end  of  the  space  there  was  a  series  of  alcoves,  but  otherwise  the  oases  were  placed 
in  rows.  Two  short  aisles  led  from  the  main  aisle,  at  right  angles  with  it,  their 
Inner  ends  joining  an  aisle  which  ran  parallel  to  the  main  thoroughfare. 

Against  the  east  wall  were  Installed  the  exhibits  of  the  Institution  proper,  the 
Bureau  of  International  Exchanges,  the  National  Zoological  Park,  and  the  Astro- 
Physical  Observatory. 

In  tbe  center  of  the  north  hall  was  the  exhibit  of  tbe  Bureau  of  Ethnology.  The 
remainder  of  the  space  was  devoted  to  the  collectioDs  of  the  National  Masenm. 

In  the  windows  were  transparencies  showing  tbe  seal  of  the  Smithsonian  Institu- 
tion; the  Smithsonian  and  National  Museum  buildings,  with  interior  views  of  each; 
four  views  of  the  National  Zoological  Park ;  four  geological  subjects — an  Australian 
ooral  reef,  tbe  Yoeemite  Valley,  the  Devil's  Tower  In  Wyoming,  and  the  Mammoth 
Hot  Springe;  four  xoologioal  subjects — a  deep-sea  fish,  a  cuttlefish,  a  hydroid,  and 
Ma-lilies;  and  eight  ethnological  subjects. 

SMITHSONIAN    INBTITtlTION. 

A  complete  set  of  the  publications  of  tbe  Institatlou,  including  those  of  tbe 
Bnreau  of  Ethnology  and  the  Natioual  Museum,  formed  one  of  the  principal  features 
of  the  exhibit.  Adjoining  this  was  an  exhibit  of  title-pages  and  some  of  the  more 
important  illnstratjons  in  theee  publications. 

Portraits  of  James  Smithson,  the  founder  of  tbe  Institution;  of  Secretaries  Joseph 
Henry,  Spencer  t^llerton  Baird,  and  Samuel  Pierpout  Langley,  and  of  the  late 
George  Brown  Goods,  Assietant  Secretary,  were  huug  upon  the  wall. 

In  a  separate  case  was  displayed  a  photographic  portrait  of  Thomas  O.  Hodgkins, 

<  The  act  referred  to  is  given  in  full  in  the  Report  of  the  Smithsonian  Institution 
for  XLV-KLVii. 
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together  with  examples  of  the  medala  awarded  in  1895  to  writer*  of  easftya  compet-' 
iug  for  the  Hodgkina  food  prizes,  and  copies  of  the  prize  memolra  which  had  been 
published. 

On  the  wall  atljacent  was  a  oast  of  the  meiaorial  tablet  which  had  recently  been 
placed,  by  order  of  the  Board  of  Regentii,  on  the  tomb  of  SmithsoD,  in  QeDoa,  Italy. 

Two  enlarged  phoMgrapba  of  Secretary  Lnngley'e  aerodrome  <flying  maohiDe), 
wfaich  twice  flew  over  tiae-half  mile  on  Hay  6,  1896,  near  Quantico,  Va.,  were  alio 
exhibited.  The  photographs  were  of  diffetent  views  of  the  machine,  and  two-flfths 
itsactoal  sine. 


The  exhibit  uf  tbiH  Bnrean  consisted  of  one-half  of  a  Kiowa  oampinK  circle  in 
miniature,  the  material   for   which   was   ooltectod   by   Mr.  James  Hooney,   of  the 

The  entire  exhibit  was  the  wurk  of  Kiowa  Indians,  the  Insignia  emblazoned  on  the 
te|)eee  and  shields  being  executed,  almost  withont  exception,  by  those  having  an 
inherited  right  lo  bear  them.  This  aboriginal  tribe  is  now  the  only  representetlva 
of  a  distinct  Btocli  or  lingnistic  family  of  prisoan  people. 

Owing  to  the  restricted  space  available,  the  skin  tents  were  reduced  ftom  16  or  It! 
feet  in  height  to  about  3^  feet,  while  tbeir  nnmber  was  reduced  from  about  160  (balf 
of  the  300  or  more  tuuts  forming  the  entire  circle)  to  25,  exolnsive  of  the  ceremonial 
lodges  within  the  circle. 

The  exhibit  was  prepared  and  installed  by  Mr.  James  Hooney,  under  the  direction 
of  Hr.  W  J  McGee. 

NATIONAL  ZOOLOGICAL  PAKK. 

The  extent  and  topography  of  the  National  Zoological  Pork  were  well  sbown  in 
the  model  exhibited, on  which  the  bnildings,  roadways,  and  bridges,  and  the  woods, 
creek,  and  other  natural  features  were  faithfully  represented. 

In  the  windows  along  the  Smithsonian  section  were  several  trausparenciea,  Inolnd- 
ing  one  of  the  camivora  bouse,  one  of  the  bridge,  and  one  of  a  buffalo.  There 
were  also  exhibited  three  water-color  paintings  and  one  drawing,  the  work  of  Mr. 
Glenn  Brown,  illustrating  other  attractive  features  of  the  park. 

HURBAU   OF    INTKKNATIONAL  BXCUAKOES. 

A  principal  exhibit  of  this  bureau  was  a  complete  set  of  the  publications  of  the 
United  States  Government  for  one  year,  being  one  of  the  fifty  sets,  such  as  are  dis- 
tributed annually  by  the  barean  to  libraries  throughout  the  world. 

On  the  wall  was  a  large  map  showing  the  geographical  distribution  of  the  corre- 
spondents of  the  Institution,  24,000  in  number,  as  entered  on  the  registers  of  the 
Boreao. 

Near  the  map  was  a  diagraiu  illoetratiug  the  number  of  publications,  inclndlng 
books  and  pamphlets  interchanged  between  each  State  and  Territory  in  the  United 
States  and  foreign  countries  daring  the  ten  years  preceding  January  1, 1896. 

The  exhibit  was  prepared  by  Mr.  W.  I.  Adams. 

ASTRO -PUVSICAL   OBSBItVA-rORr. 

The  exhibit  of  the  observatory  consisted  of  photographs  of  the  exterior  and  inte- 
rior of  the  building  located  on  the  Smithsonian  gronnds,  and  of  the  principal 
instruments,  such  as  the  siderostat,  galvanometer,  spectrometer,  and  water-Jacketed 
bolometer  and  rheostat.  Enlarged  photographs  of  portions  of  the  apeotmm  of  the 
sun  werealsoexhibited.  With  these  objects  was  a  bolometer,  or  electrical  thermom- 
e  delicacy,  the  invention  of  Mr.  S.  P.  Langley. 
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As  alreadr  atAtod,  tbe  exliibit  of  tbe  NfttiouAl   Mdmiiih  was  of  niiiob  greater 
ezleot  tfatui  that  of  any  of  the  other  SmithMmian  bareatu. 
Two  object*  were  kept  id  mind  in  its  organiiation : 

(1)  To  show  as  far  as  possible  tbe  eitauaive  scope  of  the  Mnsenni. 

(2)  To  indicate  the  manner  in  which  the  collections  are  arranged,  labeled,  and 
displaced  in  tlio  Mnseam  bnilding  in  Waahington. 

In  carrpng  ont  tbe  Grst  idea  it  wHenpcesaary  to  exhibit  a  small  number  of  objecto 
from  many  different  Icinds  of  collectioDS,  which  bad  a  certain  disadvantage  in  a 
•pace  so  comparatively  sidbII,  as  the  briDKing  into  close  proximity  of  objects  not 
■Marly  related  coald  not  be  avoided.  It  was  impracticable,  on  account  of  the  limited 
space,  to  abow  all  tbe  dilfeieDt  classes  of  objects  in  tbe  Uuseuto. 

Tbe  greater  portion  of  the  labels,  casen,  ataodi,  btwea,  backgronnds,  and  other 
fittings  and  fnmitara  were  ftom  tbe  regnlar  stock  of  the  Mnseum,  altbongh  a  few 
methods  of  installation  entirely  novel  ircro  introdori-d  for  the  firet  time  In  connec- 
tion with  tbe  exhibit. 

Dep^trtmtnt  of  numsuiff.— This  department  exhibited  in  two  rasea  a  representation 
of  tbe  interesting  order  of  mammats  known  as  the  lemars— monkey-like  animals — 
especUlIy  cbaracleristic  of  the  island  of  Mxdagaacar,  but  Luving  repreeeutativee 
on  the  continents  of  Africa  and  Asia.  Tbe  groap  comprisee  abont  35  apeciee,  of  which 
18  were  shown,  among  them  tbe  especially  remarkable  aye-aye,  so  long  a  pnzzle  to 
Eoologiitaon  acconntof  pecnliaritiesof  its  stmcture,  and  one  of  tbe  Tars iere  (rarrias 
tpttinai)  which  are  notable  for  the  great  size  of  their  ey<«. 

On  the  walls  were  casta  of  heads  of  two  genera  of  the  so-called  Ziphioid  wbalea, 
MtfoplodoH  and  Zipkiut;  of  the  Pygmy  Sperm  Whale,  Kogia,  and  of  the  New  Zealand 
Wbale,  X»obalir»a,  tbe  smalleHt  and  rarest  of  the  trne  whalebone  whales. 

The  eihibit  wst  prepared  and  iniitall«l,  under  the  din'ctiuD  of  the  curator  of 
mammals,  by  Mr.  William  Palmer. 

Department  of  btrdi. — The  birds  wpre  eihitilted  in  four  cases  on  the  main  aisle,  one 
of  which  contaiaed  a  representation  of  the  parrots,  and  the  other  a  faunal  collection 
from  British  Guiana,  South  America. 

ParraU. — This  collertion  coutprUeil  12-1  spci-imeiia,  representing  al>out  100  species, 
or  abont  one-fifth  of  those  that  are  known.  All  tbe  subfamilies  were  represented 
and  tbe  more  important  genera,  ho  thnt  the  cidleotion  was  a  fair  exhibit  of  the 

Airdi  of  Gdioaa. — This  exhibit  represented  a  tropical  bird  faima  iiotnblo  for 
bright  colors  and  peculiar  forms.  It  was,  of  conrsc,  very  iiir<implote,  as  it  was 
Impracticable  to  show  all  of  the  eight  hnadreil  or  nine  hundred  spei^ies  which  are 
found  in  Gniana. 

Theexhibitwaspreparedby  Mr.  RobcrtKidgwny,  assiiteilby  Mr.  C.  W.  Richmond. 

Defarlmeitt  of  rtptiln  and  batraehiane, — The  r\hil>il  of  this  department  consisted 
Ufa  group  of  the  poiiionouB  snakeeof  the  United  ^tali's,  cast  in  plitsler,  and  a  similar 
ponp  of  the  fresh-water  and  land  tortoises  of  North  America.  A  cast  of  tbe  bead 
of  a  logger*hesd  turtle  was  also  iDcluded.  The  specimens  were  brought  together 
from  widely  separated  localities. 

Tbe  following  aiiecies  were  represented: 

Pouonom  Snaket  of  the  United  Slalei, — Diiunonil  rattlesuake,  Crolalnt  adamanleut, 
Bontheaatem  States. 

Banded  rattlesnake,  Croialmt  karridus,  Eastern  Stati'H,  south  to  Florida  and  the 
(he  Meiioan  Oolf.  \  est  to  Kansas. 

Prairie  rattlesnake,  Crotalut  coa,itHntti>t.  Great  Plains. 

Western  diamond  rattlesnake,  Crolatiu  atrox,  Southern  Uniti'd  -"Stales,  from  Texas 
to  the  Gulf  of  California. 
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Southura  );Toiind  rattlesnaho,  SUIrurut  miliariiu,  SoathessterD  State*. 

Coppelhead,  Jgkitlrodon  rontorlriz,  EMtern  RCiil  Soiitliem  Stat«8. 

The  fjToap  of  tprtoiiiea  included  the  following  spei'tw : 

Gopher,  (iopherus polsplimmi,  Florida. 

Agaasiz's  gopher,  (iopheriis  aganisii,  Arizona  and  Southern  California. 

Berlandier's  gopher,  Uopkerui  htrlandieri,  western  Texas. 

Box  tfirtoise,  Terrapene  Carolina,  Eastern  States. 

Weatem  Box  tortoise,  Terrapene  arnata,  Central  States. 

Blsnding'B  tortoise,  Emydoidea  blanditigii,  Mavaaohusettx  t'>  northern  Itlinois. 

Wood  tortoise,  ClenimytnuinHorala,  California. 

Elegant  terrapin,  Trachcmi/ii  tlegatii,  Central  and  Soiitberu  States.     • 

Yellow- bell ieil  terrapin,  Traohemyi  icripia,  Sontheastem  States. 

Florida  terrapin,  r$eudtmyt  Jloridana,  Florida, 

Neat  terrapin,  PitudemyK  canctHHO,  North  Carolina  to  Texas. 

Red-betlied  terrapin,  I'teudtmyt  ruhriceatrit,  Middle  Atlantic  States. 

Painted  turtle,  Chrgiangs  picia.  Eastern  States. 

Diamond-baclt  terrapin,  MalacUinjit  cmtrala,  Atlantic  and  Gulf  coasts. 

'Baor'a  terrapin,  (IrapteMjia  pulchraf  8ontIieast«rn  States. 

Snapping  tnrtle,   Chetpdra  MO-ptnHna,  North   America,  east  of  the  Rocky  Moun- 

Mnd  tnrtle,  Kinoilemon  pmtitranitum,  east  of  tlie  Kochy  Mountains. 

Soft^helleil  turtle,  Plalyptllia/frox.  Floridii. 

Ileparttnenl  of  fiihe». — This  department  showed  a  selected  series  of  ftsfies  of  the 
deep  sea,  wbii^h  formed  the  banisof  the  compmbensive  work  on  "Oceanic  Ichthy- 
ology," by  the  late  Dr.  O.  Brown  Goode  and  Dr.  Tarleton  H.  Bean,  published  a  few 
mouths  previous  to  the  Exposition  aa  a  special  bulletin  of  the  Museum. 

The  exhibit  was  supplemented  by  a  email  number  of  casts  of  North  Ameri- 
can flsbea  painted  in  life  colore  and  forming  part  of  an  extensive  series  In  the 
Museum. 

The  following  fisheo  were  repreHonted  by  casts: 

L'allco  bass,  Pomoxga  tpariiidea, 

Sunflsh,  L^nmiU  paltidiii. 

Dolphin,  Corppha-na  hippurui. 

Mangrove  snapper,  Luljanut  eltarnii. 

Sea  robin,  Pritmatai  etolani. 

Red-mouth  gmut,  /ftrmuIoD  arcuaUtm. 

Cagou  de  to  Alto,  SkombopIiU*  aarombenii. 

Grouper,  Epinephtlui  drttmmond-hayi. 

Scup,  SIntotcmvs  chrytopt. 

Hogfish,  I.achnolamas  maxjittut. 

Parrot  lish,  Pttndoicarai  gaacamaia. 

Rosy  Tockfish,  ntlicolKnui  modimfia. 

Brook  trout,  Salr«U»iia  fontinaUn. 

Cavalla,  Carani  hippos. 

Sucking  lish,  Echeneia  naiicratea. 

Eetpout,  Zoarces  anguillarii. 

Fonr-apotted  flounder,  Paralichthgii  ohlongag, 

CowdHh,  Otiraeion  guadricorne. 

The  exhibit  was  arranged  by  Mr.  Barton  A.  Bean. 

Department  of  mollmlia. — This  exhibit  was  iu  two  table  cases  and  represented,  as 
far  as  space  permitted,  the  families  of  moilnsks  and  brachiopods.  It  also  contained 
tllustrationa  of  the  ntili/.atiou  of  materials  derived  from  niolliisks.  Each  family 
was  represented  by  one  or  more  Hpecies,  excepting  thoae  in  which  there  ia  no  solid 
shell  and  which  therefore  could  not  be  exhibited  in  a  dry  condition. 
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abowinK  sele«ted  types  of  ores  as  mined,  bat  in  which,  as  a  role,  tbe  metai  or  ita 
compoDOdB  ACS  aoarcelj  discernible. 

"in  the  series  as  exbibited  attention  is  called,  ftnt,  to  tbe  native  KOld — that  is.  tbe 
gold  foand  in  the  metallic  state  in  natnre,  as  displa; ed  in  the  form  of  nuggets,  leaf 
gold,  wire  gold,  and  gold  dust  from  varione  localities;  secoud,  to  the  compoanda  of 
gold  with  sliver,  tellurium,  antimony,  and  Biilpbiir,  ns  Hhown  in  the  minerals  pet- 
lite,  sylvanite,  krenoerite,  and  nagyattite;  third,  to  the  occurrence  of  the  native 
metel  with  its  associates,  either  aa  dust  or  nuggets,  in  sand  and  gravel,  or  impreg- 
nating quartz,  slate,  calcite,  and  other  minerals  forming  tbe  ohHractcristic  gangne, 
andlsstlj,  to  the  seriesof  gold  ores,  representing  the  metal -bearing  rocks  as  nsnally 
mined  and  which,  while,  as  above  noted,  show  no  trace,  on  casual  inspection,  of  tbe 

Erecions  metal,  nevertheless  contain  it  in  snfBcient  amunnt  to  render  its  extraction 
;  chemical  or  mechanical  means  a  profitnble  industry. 

"The  silver-bearing  series  is  arranged  in  a  aiuiLliir  manner.  It  is  to  be  noted  that 
wbile  gold  is  common  in  deposit  of  saud  and  gravel  as  placer  gold,  silver  very 
rarely  occurs  in  this  form,  and  is  represented  here  oiily_  by  tbe  silver-bear  log  sand- 
stone from  Washington  Connty.  Utah.  Native  silver  in  the  form  of  wire  or  moae 
silver  is,  however,  comparatively  common,  as  shown  in  the  specimens  from  Mexico 
and  Saxony-  Some  of  tbe  silver- bearing  oumpouuds  are  of  great  beauty,  as  illns- 
trated  in  the  mby  silvers  pronstite  and  pyrargyrite." 

Id  addition  to  tbe  general  series,  a  number  of  casts  of  CKceptionatly  large  and 
iDtereetlng  nuggets  of  gold  and  silver  was  arrayed  in  a.  separate  case.  £ach  cast 
WM  accompanied  by  a  descriptive  label. 

In  the  windows  were  transpareDcleB,  showing  an  Australian  coral  reef  and  views 
from  the  Mammoth  Hot  Springs,  tbe  Yosemite  Valley,  and  the  Devil's  Tower,  in 
Wyoming. 

The  specimens  were  selected  and  prepared  by  I'rof.  (i.  P.  Merrill  and  installud  by 
Mr.  W.  H.  Kewball. 

DeporlMCsl  of  uii»«raU. — Tbe  exhibit  of  this  department  consisted  of  a  series  of 
about  five  hundred  specimens,  selected  and  labeled  tu  illustrate  the  several  proper- 
ties or  characters  of  minerals.  The  seneral  plan  of  ucrangemcnt  will  be  understood 
from  the  synopsis  here  presented. 

<1)  Chemical  mineralogy:  Types  of  minerals.  Variation  in  couiposition.  Kela- 
lion  of  water  to  composition.     Relation  of  eomposttion  to  physical  properties. 

(2)  Physical  mineralogy;  The  crystal.  The  cryBtallograpbic  axes.  Crystal  sys- 
tems. Componnd  crystals.  Imperfections  of  crystals.  Crystalline  aggregates. 
Pleomorphs.  Inomorpba.  Psuudomorphs,  (a)  by  substitution;  (b)  hy  deposition; 
(c)  by  alteration.  Cleavage.  Fractare.  Tenacity.  Hardness.  Color,  (a)  essential 
color;  (b)  nonessential  color;  (c)  varieties  of  color.  Luster.  Diaphaneity. 
Fusibility. 

Special  attention  was  paid  to  the  order  of  arrangement.  Tbe  several  specimens 
illustrating  the  chemical  and  physioal  properties  of  minerals  were  arranged  t<i  be 
studied  from  left  to  right,  beginning  with  the  upper  left-hand  corner  aud  regarding 
each  quadrant  of  the  case  as  a  uuit. 

Chemical  mineralogy,  which  treats  of  those  properties  relating  to  chemical  com- 
position OT  atomic  structure  of  a  mineral  and  tlie  chemical  relations  of  the  several 
kinds  of  minerals,  was  illustrated  by  184  specimens.  Physical  mineralogy,  which 
treats  of  those  properties  relating  to  form  or  molecular  structure  of  a  mineral  and 
the  action  of  the  various  phyeiciil  forces  upon  the  several  kinds  of  minerals,  was 
illustrated  by  315  specimens. 

Departmml  of  etknotogn. — The  ethnological  exhibit  consisted  of  two  parts: 

(1)  An  exhibit  of  the  home  life  and  industries  of  tbe  Eskimo. 

(2)  An  exhibition  of  the  domestic  life  and  arts  of  the  I'neblo  region, 

In  the  first  group  tbe  most  conspicuous  object  was  a  house  Himilar  In  construction 
to  those  occQpiod  by  the  natives  of  Norton  Sound. 

This  exhibit  was  prepared  nnder  the  direclion  of  Mr.  £.  W.  Nelson,  and  was  built 
of  logs  set  on  end,  the  comer  posts  being  the  larger.  Above  these  were  placed 
series  of  logs  growing  shorter  with  each  layer,  a  siiunre  smoke  hole  being  left  at  tbe 
peak  of  the  roof.  The  fnmitnre  of  the  bouse  consisted  of  a  bed  made  of  driftwood, 
of  a  fireplace  on  the  fioor  with  a  curious  device  for  directing  the  draft  and  emoke 
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out  of  the  amoke  hole,  and  ft  clfty  lamp  for  lighting  tba  pipe  and  othot  Itkn  domeatio 
pQipoaei.  In  the  hoDM  were  the  lay  figures  of  a  man  and  of  B  woman,  in  full  native 
coatame,  the  latter  tending  the  Are,  the  former  watching  bermoTementaand  lighting 
his  pipoi  AroQDd  the  different  parts  of  the  room  were  such  farnitnr*  aa  would  be 
fonnd  in  a  native  bat.  Aa  the  plan  of  this  atmctnre  waa  given  by  one  who  had  apent 
along  time  in  the  coaotrj,  the  details  were  qnite  acennte. 

Awooiated  with  this  groap  and  monntod  tn  gepaMt«  sliding-acreen  oaaea  won 
nhown  a  large  number  of  objeota  connected  with  the  lifiB  of  the  Eskimo. . 

Case  No.  I,  fronting  the  group,  contained  maaka,  carved  from  driftwood  and  orna- 
mented with  feathers,  such  as  are  need  in  the  dramas  of  the  Eskimo  during  the  long 
winter  leaBou,  when  the  ann  hoa  left  the  Arctic  region.  On  the  tMck  of  thla  same 
case  were  nhown  examplea  of  the  needlework  of  Ow  Arotio  tribes,  Inolnding  beaded 
work  fVom  Greenland,  exhibiting  the  Scandinavian  inflnence — a  complete  anit  fin  a 
man,  made  of  different  furs  eat  in  strips,  which  were  Inserted  to  prodnee  varlons 
pleaninR  patteini;  a  full  ault  of  man's  clothing  ftoai  Ungava,  north  of  Labrador, 
made  of  reindeer  skin,  the  bait  being  removed;  n  deerskin  snit  for  winter  wear, 
made  ftvm  the  akin  of  the  caribou  with  tbe  hair  on. 

Case  No.  2  oontaineil  an  exhibit  of  the  varioua  types  of  basketry  In  Alsska  and 
on  the  PaclHc  coast  of  America  southward  to  tbe  boidan  of  the  United  States. 

Cose  No.  3  was  devoted  to  the  work  of  the  Eskimo  and  their  neighbors,  In  skins 
and  other  animal  products,  such  as  work  bags  for  women,  tobacco  poncbes,  tool  baga, 
belts,  mode  from  tbe  skiuH  of  seals  and  othet  animals,  with  or  without  the  far,  and 
also  IVom  the  Inteatines  of  tbe  seal,  sewed  with  ainew  and  decorated  with  feathMS 
and  woratedH. 

Case  No.  4  illnatrated  the  traveling  devioes  of  the  Eskimo.  Snowshoea  of  coarse 
texture  used  by  the  tribes  farthest  north  and  in  oat-of-the-way  places,  and  those 
with  footing  of  sinew,  Unely  twisted  and  woven,  almilar  to  those  in  use  by  the 
Athapascan  tribes  in  the  neighborhood,  were  shown ;  also  models  of  boats  in  two 
types,  the  kaiak,  or  hunting  canoe,  and  the  nmiak,  or  woman's  boat.  There  were 
also  to  be  seen  in  this  case  the  tools  used  by  the  Eskimo  in  digging  In  the  ioe  and 
removing  snow  and  braken  toe. 

On  the  opposite  aide  to  that  in  whieh  tbe  Eskimo  material  was  installed  was  the 
Pneblo  collection.  The  chief  exhibit  in  this  area  was  a  group  showing  several ' 
Hoki  females  grinding  com  and  making  bread.  (Cose  No. 5.)  In  association  with 
this  group  of  breadmakers  were  examples  of  the  objecta  used  in  tbe  indnatrial  and 
social  lift  of  the  Tusayan  and  other  Pneblo  people. 

Case  No.  6  was  devoted  to  the  display  of  the  varions  kinds  of  weaving  employed 
in  the  Pneblo  region. 

Case  No.  7  contained  examples  of  pottery  firam  Pueblos  iu  New  Mexico  and  Arizona, 
and  ahowed  a  variety  of  ahapea,  colors,  and  decorationa  in  cnpa,  bowla,  vases,  and 
animal  forms. 

Case  No.  8.  On  one  aide  woa  exhibited  (in  comparison  and  contrast  with  the  tex- 
tile art  of  the  Pueblo  tribes)  tho  bead  work  and  Bubstitul«B  for  textile  work  among 
tribes  on  the  eastern  side  of  tbe  Rocky  Mountains,  inolnding  work  on  soft  buckskin, 
on  tbe  surface  of  hard  leather,  on  flannel  and  other  cloths  of  European  mannfactnre, 
and  finally  beadwork  forming  part  of  the  textile  art;  that  in,  in  which  tbe  beads  are  . 
not  laid  on  the  anrface  of  another  snbatanoe,  but  form  a  part  of  the  fabric,  so  that 
the  same  figure  is  shown  on  both  aldea,  aa  in  a  pleee  of  stained  glass. 

In  front  of  this  case  was  arranged  a  collection  of  Hoki  gods  and  dolla  and  head- 
dreasee  eonnected  with  their  religions  services;  also  aaored  blankets  and  wrappings, 
wanda  and  shields,  aaaooiated  with  the  intricate  and  dramatic  worship  of  tbeae 
Pneblo  tribes. 

On  the  wall  above  theaa  exhibits  were  to  be  aeen  ornamental  shields  of  wood  on 
which  were  set  largeoolloctiona  of  Eskimo  and  African  weapons,  ornamental  paddles 
of  the  Korth  Pacific  const  Indians,  and  othet  decorative  objecta. 
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Im  aMitiwi,  An  Mhnob^csl  vxhibii  iiwtalM  in  Ikiriy-tw  ■■il  baon 
|<I«T««I  iM  IW  MMz  to  t^  womu'B  boiMiag.  EMk  nntaiBed  *  tn*<^  « 
»!■>■•»  work  i«  ABMrit-a.  AlKn.  PolrsMiB,  •»!  a  few  trmm  Mkcrn 

TkM*  •ia«pk*  of  ««>kh'«  ««rk  nUtvd  lo  the  arts  af  bad  ^ 
*adaN*Ti^:  t»  rlaiy»g  ia  iW raria—  lowa»  JttiraJ  ft—  tha  rtptfaHt  ^rf  m 
kiag^gaai.  aad  af  tkw  flWBirarp  uf  the  luMtati— -     !■  additiaa  t*  tkaa  IhB*  «w« 
•KktbiMJ  lWp«iau(tv<f  Mh«a»f  vaaaanwaertcJ  «ilk  focB  aaJ  ulir  i»  in  MatiiM 

la  ftwat  *f  thw  ntM«.  «m«  tkn*  «••»  m  akiith  nra  tbn«  l»MiiiM  bikM 
*>■■■  ta  vaakiMa:  U'  As  Eskima  waaaa  mt  Batkant.  tW  m^it  aaal^Ba  1  iimi. 
— iJ»«f  wi»4l««  ttia.  tri-M»i  I  «ith  tW  l"ai  if  iiimH  ■iiiaMJi  3  A  Kmimmwmm^ 
IB  aMt**  voMaaiaaf  bacfctkia.  ralurvil  jiiwa.  aad  lairpiif  an  k*r  ba>k  aaxadaar 
laftBM  !>■■■.  IB  vkwk  wm  abirvm  »  rlxiul  m«iuvIi  »T^f«A:  i  i  A  FbtM  miaHK 
ftlMlfc^ll iiwiiiii  liiiiiii    ijalfciiiiia  II    Ti  I'l  iiaiibi  ■ITjiiiMM  ai  Ti  i  mfciiniM^lj 

ika  ■thimtoff'.-al  vxbibct.  a  ■.■uilKvfwa  >>['  tchnwcEapko:  ii  iiiiipaiaiiMiaii    wk«&  aa^d 
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obJecU  used  by  the  Jsitb  In  their  rellgioiiB  litoa,  whicfa  have  their  origin  In  uid.  are 
baaed  npon  biblical  ordinanoea. 

The  exhibit  was  prepared  and  installed  by  Dr.  1.  H.  CaaanowjcE,  nnder  the  direc- 
tion of  Dr.  Cyrus  Adler. 

SeclUM  of  te«k»ologioal  oolhetUnu.—OviDg  to  the  geograpbioal  looatiou  of  Haab- 
vllle,  it  was  thought  that  a  presentation  of  K>me  of  the  early  inethodi  of  transpor- 
tation in  the  Soatheni  States  might  be  of  speoial  interest. 

A  unall  seriei  of  models  was  aaleoted  to  show  the  development  In  transportation 
from  ita  beginning  in  oolonial  days,  when  the  sledge  was  almost  the  only  method  of 
locomotion,  to  the  introdnctlon  of  the  Bret  railroad  train  in  the  Soathem  United 
States,  which  ran  on  the  Sonth  Carolina  Railroad  in  1S31. 

A  rigged  model  of  the  Saiannak,  the  first  steamship  to  oroes  the  Atlantic  Ocean, 
was  also  inclnded  la  this  exhibit.  The  Savanimh  sailed  f^«m  the  oity  of  that  name, 
om^»t  the  moat  important  ports  in  the  Southern  States,  in  the  year  1819. 

yrom  thsaoction  of  naval  architecture  was  selected  a  model  of  a  fnll-rigged  abip. 
In  order  to  make  pUia  to  the  visitors  the  nomenclatnre  of  the  ropes,  spars,  sails, 
etc.,  over  four  hnndred  labels  were  attached  to  as  many  different  parts  of  the  model. 

["rotn  the  electrical  colieetiea  w^s  sent  a  series  representing  the  early  instruments 
of  Franklin,  Henry,  Morse,  Vail,  and  Page,  and  illastrating  the  development  of  the 
motor  and  telegraph  Ttom  the  beginning  of  knowledge  concerning  static  electricity 
to  the  more  recent  discoveriee  in  electro-magnetiam.  A  full-sized  model  of  the  large 
electro-magnet  which  was  constructed  by  Joseph  Henry  in  1831  for  Yale  College 
was  placed  on  the  case  containing  the  electrical  collection. 

The  selections  for  the  exhibit  were  mailu  by  Mr.  J,  E.  Watkine. 

Stciian  of  ki$torical  rtlic*,  e«iiit,  and  mtdtttt. — The  oolleotion  of  coins  and  medtia 
was  exhibited  in  two  table  cases,  and  inclnded— 

(1)  The  principal  coins  in  nee  in  the  North  American  colonies  from  1652  to  the 
eatahlishment  of  the  United  States  Hint  in  1793,  and  types  of  the  later  coinage  of 
the  conn  try. 

<2)  Medals  oommeroorative  of  events  in  the  colonial  history  of  the  oonntry  during 
the  war  uf  the  Revolntlon  and  the  war  of  1813. 

(3)  Hedallio  portraits  of  the  Presidents  of  the  United  States. 

Among  the  most  intereettng  coiaa  shown  were  the  "pine  and  oak  tree"  shillings 
of  1652,  the  "Mark  Newby"  penny,  the  "Rosa  Americana"  penny,  the  Continental 
dollar  of  1776,  and  the  copper  coins  of  Massachusetts,  Vermont,  Conneetiont,  New 
Jersey,  and  other  colonies,  prior  to  coinage  by  the  Mint. 

There  were  also  shown  apecimeus  of  the  North  Carotina  and  Georgia  private  gold 
coinage  of  1830  t«  1840,  of  the  Mormon  gold  coins  of  1849,  and  some  shell  mane;, 
or  "wampum,"  which  was  given  a  legal  valne  in  New  England  in  1637. 

A  spinning  wheel  and  distaff  which  waa  nsed  during  the  period  of  the  war  of  the 
Revolution  waa  exhibited  in  the  History  building. 

The  collection  was  selected  and  arranged  by  Hr.  A.  Howard  Clark. 

Section  of  maferja  mMea. — Two  series  of  speoimens  were  sent  from  the  extensive 
collection  in  the  section  of  materia  medica,  the  first  eonsistingof  samples  of  natural 
and  cultivated  cinchona  barks  and  their  prodnota,  and  the  seoond  showing  the  com- 
morcial  varieties  and  the  alkaloids  of  opium. 

The  exhibit  was  prepared  by  Dr.  J.  M.  Flint,  U.  S.  N. 

Departmait  ofarit  and  indtutria. — This  department  exhibited  an  attractive  colleo- 
tion  representing  animal  form  in  pottory,  inclnding  the  principal  wares  of  Japan, 
and  selections  from  Prussia,  Saxony,  Copenhagen,  Denmark,  and  France. 

Sxhihit  of  Utctt.—A  collection  of  specimens  of  network  and  embroidery,  illastra- 
ting the  various  epochs  of  lace  making,  waa  exhibited  in  the  annex  to  tbe  Woman's 
building,  by  Dr.  Thomas  Wilson.  The  coUeotion  comprised  about  1,000  specimens 
and  may  be  classifled  under  the  following  general  divisions: 

(1)  Prehistoric:  Implements  for,  andsi>ecimeDBof,8ewing,weaviDg,emhrcddMing, 
and  tapestry  making. 

:;oogic 


100  HEPORT   OF    THE   SECBETART. 

(2)  Prior  to  1550  A.  D.,  anterior  to  lko«  makinK:  KUott«d  net,  damod  no 
drawn  vurk,  cut  work. 

(3)  From  1550  A.  D. :  Betio«Ua,  poiut  conpe,  point  lace,  and  bobbin  lace  of  Vtmii 
HilBD,  Geooa,  Flanders,  France,  and  England. 

(4)  Modem  laces. 

(5)  Seriesahowing  process  of  manufactarc  of  ]ioiDt  and  bobbin  lace,  need  lea,  Uii«a 
cnshions,  bobbins,  etc. 

Mr.  W.  v.  Cox,  chief  clerk  of  the  Natioual  Mnseum,  waa  in  immediate  olutrgc  ' 
the  entire  exhibits  of  tbe  SmitliHonian  Institution  and  Kational  Hoseum. 

Credit  is  dne  to  Mr.  J.  S.  Goldsmitli  and  Hr.  C.  A.  Steaart  for  their  efficient  80{ir: 
vision  of  the  mochanical  operations  connected  with  the  preparation  and  inat&Ilstio 
of  tbe  colleetians. 

Tlie  amount  appropriated  by  Congrees  for  ihe  flovernnient  exhibit  was  $100,00(1 
and  for  the  QoTemmBot  liiiilding  930,000.  The  mm  allotted  to  tbe  Inatitatioa  aat 
Mttseam  was  $16,300,  the  actual  ooet  being  *I6,073.61,  m  shown  in  the  following 
statement :   ^ 

Services ♦7,225.17 

Expert aer vices  in  preparation  and  re]>air  of  models,  transparencies,  cliaiiis, 

speoimens,  etc 888.95 

Travel 1,015.26 

Snbsistence 803.30 

Freight 738.19 

Cartage  and  freight  handling -'. 77.18 

ExpresBoge .  168.35 

Exhibition  cases,  frames,  etc Sli.OO 

Lnmber  and  mill  work B(3.,V1 

Hardwart',  tools,  etc 124.89 

Glass,  paint»,  bruHlieK,  etc 1,320:99 

Supplies,  preparator's  material,  etc SOL  SO 

.  Packing  tnaterial 163.40 

Apparatus,  specimens,  etc 2, 157.75 

Decoration,  flags,  etc (i6.S 

OtQce  expenses 34. 8S 

Total 16.073.61 

Respectfullj  submitted. 

Frkdbrick  W.  Truk, 
Repreemlatire  .Smilkaotiian  Inililulion  and  National  Mtunnt. 
Mr.  S.  P.  Langley, 

Sear^arji  oftkt  Smilkfonian  iHititHtion. 
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ADVERTISEMENT. 


Tb«  object  of  the  Gekbbal  Appekdix  to  tbe  Aiinaal  Report  of  the 
Smithsonian  Institntioa  is  to  famish  brief  accoanta  of  scientific  discov- 
ery in  particular  directions;  reports  of  investigatioDB  made  by  collab- 
oratorB  of  the  Institntioa :  and  memolrB  of  a  general  character  or  on 
special  topics  that  are  of  interest  or  value  to  the  numerous  oorrespond- 
ents  of  tbe  Institation. 

It  has  been  a  prominent  object  of  the  Board  of  Regents  of  the  Smith- 
sonian luBtitution,  fh>m  a  very  early  date,  to  enrich  the  annual  report 
required  of  them  by  law  vith  memoirs  illustrating  tbe  more  remarka- 
ble and  important  developments  in  physical  and  biological  discovery, 
as  well  as  showing  the  general  character  of  the  operations  of  the  Insti- 
tation; and  this  purpose  has,  during  tbe  greater  part  of  its  history, 
been  carried  oat  largely  by  the  pnblication  of  aucb  papers  as  would 
possess  an  interest  to  all  attracted  by  scientilic  progress. 

In  1880  the  Secretary,  induced  in  part  by  the  discontinuance  of  an 
annual  summary  of  progress  which  for  thirty  years  previons  had  been 
issued  by  well-known  privnte  publishing  firms,  had  prepared  by  com- 
petent collaborators  a  series  of  abstracts,  showing  concisely  the  prom- 
inent features  of  recent  scientific  progress  in  astronomy,  geology, 
meteorology,  physics,  chemistry,  mineralogy,  botany,  zoology,  and 
anthropology.  This  latter  plan  was  continued,  though  not  altogether 
satisfactorily,  down  to  and  including  the  year  1888. 

In  tbe  report  for  1889  a  return  was  made  to  the  earlier  method  of 
presenting  a  miscellaneons  selection  of  papers  (some  of  them  original) 
embracing  a  considerable  range  of  scientific  investigation  and  discuB- 
aiou.    This  method  has  been  continued  in  the  present  report,  for  1898. 
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RECENT  PROGRESS  ACCOMPLISHED  BY  AID  OF  PHOTOGK 
RAPHY  IN  THE  STUDY  OF  THE  LUNAR  SURFACE.' 


By  MM.  LoEWT  and  PuisBtrx. 
(Witb  tbree  pUtw.) 


I. — B^SUH^.  OF  THt:  PBTNOIPAL  QITB8TION8  WHICH  HAVB  BEEN 
SUGGESTED  BT  LUNAR   OB8BBTATIONS. 

Next  to  the  sou,  which  fornisbes  us  with  beat  and  light,  the  mooD, 
of  the  remaining  celestial  bodied,  excites  the  greatest  cnriosity  and 
BnggestB  the  greatest  namber  of  problems  to  iQvesttgators.  The  sac- 
ceasion  of  its  phases  has  famished  a  unit  of  time,  intermediate  between 
that  of  the  day  and  the  year,  which  has  been  nniversally  adopted. 
The  eclipses  which  our  satellite  undergoes  or  occasions  when  it  aligns 
itself  with  the  earth  and  the  snn  have  excited  even  the  most  undevel- 
oped imaginations  t^ince  anticiuity.  They  still  serve  cbronologists  in 
verifying  historical  dates.  Representing  a  sonrce  of  important  progress 
in  physical  astronomy,  tbey  give  rise,  several  times  in  a  century,  to 
reunions  and  to  the  combined  efforts  of  many  astronomers.  The  rapid- 
ity of  the  apparent  motion  of  the  moon  among  the  stars  makes  it  very 
valnable  for  the  determination  of  geographical  coordinates ;  its  epbem- 
eris  is  an  indispensable  manual  to  travelers  and  to  mariners.  The 
researches  of  mathematicians  have  shown  that  the  attraction  of  oar 
satellite  is  the  principal  cause  of  the  tides,  and  of  precession  and  nota- 
tion, that  is,  changes  in  the  direction  of  the  earth's  axis  in  space.  The 
perturbations  which  the  moon  undergoes  in  its  orbit  teaob  us  mach  in 
regard  to  the  interior  structnre  of  our  globe,  of  its  ellipticity  and  of  the 
fundamental  constants  of  astronomy,  such  as  the  mass  of  the  earth  and 
tbe  solar  parallax.  Its  iuHueiice  on  the  meteorological  phenomena, 
strongly  fixed  in  i>0|>ular  opinion,  is  still  the  object  of  persevering  and 
impartial  researches.  Finally,  by  its  relative  proximity,  the  moon  pre- 
sents itself  as  au  obliging  stepping-stone  when  we  wish  to  extend  our 
investigations  beyond  tbe  limits  of  the  globe  which  has  been  assigned 
to  as  as  our  abode.  Deprived  of  the  vaporous  envelopes  which  appear 
to  obscure  the  surfaces  of  Venus,  Mars,  and  Jupiter,  it  reveals  even  in 
the  smallest  telescopes  numerous  sharp  and  i>ersi8teat  details.    No 
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planet,  therefore,  Beems  capable  of  giv'mg  us  greater  information  in 
regard  to  the  qaestion  whether  the  physical  forces  (the  effect  of  which 
we  observe  on  our  globe)  act  similarly  on  oth<  r  celestial  bodies.  It  lends 
itself,  perhaps,  better  than  the  earth,  on  account  of  exposing  to  view  a 
whole  hemisphere  at  once,  to  the  stady  of  certain  captivating  and  difiS- 
cnlt  problems,  those  for  instance  concerning  the  origin  and  the  evoln- 
tion  of  satellites  in  general.  Indeed,  one  can  not  examine  the  moon 
without  being  led  to  ask  if  conditions  favorable  to  the  development  of 
vegetation  and  of  life  can  be  fonnd  on  other  celestial  bodies  beside  the 
earth,  a  question  too  often  agitated,  although  always  attracting  philo- 
sophical interest. 

The  first  serious  attempts  made  to  attack  this  problem  date  to  the 
invention  of  the  telescope.  Bat,  although  skillful  observers  have 
devoted  themselves  to  a  stady  of  the  moon,  it  is  remarkable  that  until 
recently  no  powerful  telescope  had  ever  been  applied  to  a  stndy  of  oar 
satellite  as  a  whole.  Under  these  conditions  the  multitude  of  visible 
details  is  so  great  that  an  isolated  investigator  can  not  undertake  to 
describe  or  to  delineate  them.  On  the  other  hand,  if  the  task  be 
divided  among  anumberof  astronomers,  or  if  the  attention  be  fixed  on 
some  particular  region,  there  is  the  risk  in  either  case  of  losing  the  char- 
acter of  unity  of  the  undertaking,  and  in  addition  the  physiological  or 
accidental  errors  of  observation  would  impart  a  provoking  uncertainty 
to  any  conclusions  which  might  be  thus  deduced. 

II. — ADVANTAGKB   OFP&BED   IN   THIS   RESPECT    BY    PHOTOGBAPHY. 

The  invention  of  photography  opened  an  avenue  of  escape  from  these 
difficulties.  However,  many  years  have  been  necessary  for  astronomers 
to  put  to  application  all  the  advantages  offered  to  them  by  the  new 
process.  Their  first  attempts  indeed  met  with  three  principal  difficul- 
ties which,  for  a  long  time,  were  regarded  as  insurmountable  or  at 
least  as  certainly  placing  photography  at  a  disadvantage  with  respect 
to  visual  observation. 

The  first  difficulty  was  due  to  the  imperfect  achromatism  of  the 
objectives,  until  recently  always  designed  for  direct  vision  so  as  to 
bring  to  the  same  focus  the  brightest  rays  of  a  star  without  taking  into 
acconnt  the  rays  which  have  the  greatest  chemical  activity. 

The  second  difficnlty  was  due  to  the  lack  of  a  suitable  control  mech- 
anism which  would  assure  a  persistent  agreement  betneeii  the  displace- 
ment of  the  telescope  and  the  apparent  movement  of  the  focal  image  of 
the  object. 

Finally,  the  lack  of  sensitiveness  of  photographic  plates  made  it 
necessary  to  have  recourse  to  relatively  long  exposures,  which  increased 
all  the  displacement  due  both  to  a  defective  motion  of  the  telescope  and 
to  atmospheric  undulations. 

The  first  difficulty  was  overcome  by  MM.  Paul  and  Prosper  Henry, 
who  demonstrated  the  possibility  of  increasing  the  photographic  effl- 
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cieucy  of  large  objectives  b7  caDsiDg  those  rays  which  have  th«  strong- 
est  redaciDg  action  on  the  silver  tialte  to  be  brought  to  a  common 
focus.  By  means  of  this  improvement,  photography,  compared  with 
direct  vision,  found  itself  in  possession  of  an  advantage  which  might 
have  been  theoretically  predicted. 

For  a  given  diameter  of  the  objective,  the  chemical  rays  emitted  by 
a  star  will  naturally  produce  an  image  richer  iu  detail  than  that  pro- 
duced by  the  visible  rays  capable  of  afi'ecting  the  retina.  As  is  well 
known,  the  image  of  a  Inminous  point  is  a  small  circular  spot,  the 
diameter  of  which  is  proportional  to  the  wave  length  emitted.  Actinic 
rays,  more  refrangible  than  the  visible  rays  of  the  spectrum,  correspond 
to  a  shorter  wave  length,  and  consequently  give  rise  to  a  sharper  and 
more  detailed  image  if  these  rays  are  made  to  converge  by  a  suitable 
choice  of  lenses. 

The  second  difficulty  bas  been  eliminated,  at  least  in  ordinary  cases, 
by  the  employment  of  an  auxiliary  telescope  moiiqted  coazially  with 
the  photographic  telescope.  It  therefore  becomes  easy  to  observe  a 
stM  directly  during  the  whole  duration  of  the  exposure,  and  to  maintain 
the  image  precisely  at  the  intersectioD  of  two  fine  cross  hairs,  by  adjust- 
ing, as  often  as  may  be  necessary,  the  mechanism  controlling  the  motion 
of  the  telescox>e.  In  this  manner  the  relative  immobility  of  the  stars 
with  respect  to  the  plates  may  be  assured.  This  method  can,  how- 
ever, only  give  its  best  results  iu  the  hands  of  a  watchful  and  skillful 
observer.  It  enables,  by  means  of  prolonged  exposures,  sharp  images 
of  the  smaller  stars,  suitable  fbr  the  most  precise  measurements,  to  be 
obtained.  This  advance,  which  is  also  due  to  MM.  Paul  and  Prosper 
Henry,  has  rendered  possible  the  great  international  undertaking  of 
mapping  the  heavens. 

The  method  we  possess  of  prolonging  the  exposure,  almost  without 
limit,  has  in  certain  cases  a  great  advantage.  It  gives  rise  to  an  indefi- 
nite accumulation,  so  to  speak,  of  luminous  impressions  at  a  given 
point  on  the  plate,  and  thus  reveals  perceptible  images  of  objects  too 
dim  to  affect  the  retina.  By  this  means  vast  regions  of  nebulous 
matter  and  numerous  small  planets  have  been  discovered  which  no 
eye-piece,  associated  with  the  same  objective,  could  have  been  able  to 
reveal. 

An  amelioration  of  this  difficulty  has  also  been  obtained  in  another 
manner,  for  chemists  have  succeeded  in  increasing  the  sensitiveness 
of  photographic  plates,  especially  by  the  substitution  of  gelatine  for 
collodium  as  a  body  for  the  silver  salts.  In  certain  cases  the  duration 
of  exposure  has  been  reduced  to  a  few  hundredths  or  even  thousandths 
of  a  second,  and  thus  photographs  of  objects  in  motion,  too  rapid  to  be 
analyzed  by  the  eye,  have  been  obtained.  Iu  astronomy  we  may  cite, 
as  examples,  the  photography  of  sun  spots  and  of  granulations  of  the 
photosphere,  as  well  as  meteoric  tri^eotories.  For  such  a  brief  expo- 
sure only  an  approximate  coincidence  between  the  movement  of  the 
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telescope  and  the  apparent  displacement  of  the  star  is  Dcceasary,  and, 
moreover,  atmmpberic  aodnlatioDS  also  cease  to  exert  an  injurions 
iuflnetice  on  the  image  formed. 

nL — CHABACTERISTIC     DIFFICULTIES     TN    THE     BEOISTBATION     OF 
LUNAB  lUAOBS. 

All  these  advances  have  led  to  a  kind  of  revolution  in  the  methods 
of  observation.  They  have  also  led  ns  to  undertake  the  solntion  of  a 
great  number  of  new  problems  in  sidereal  and  physical  astronomy,  bnt 
none  of  the  methods  we  have  been  disvussing  give  entirely  satisfactory^ 
results  when  applied  to  the  moon.  The  employment  of  a  finder  makes 
it  possible  to  obtain  regular  disks  for  stellar  images  if  tbe  stars  are  not 
too  close  to  one  another,  bat  it  does  not  eliminate  tbe  confusion  of 
adjacent  details  in  an  extended  object  which  we  seek  to  reproduce  with 
every  possible  refinement.  It  is  necessary  to  adopt  special  mechanical 
contrivances  to  follow  the  moon's  n:ation,  constantly  variable  both  in 
direction  and  in  velocity.  Various  solutions  to  establish  this  concord- 
ance have  been  proposed,  and,  ou  tbe  whole,  with  success.  At  Paris 
this  has  been  accomplished  in  a  very  satisfactory  manner  by  making 
the  telescope  immovable.  The  plate  bolder  being  moved  by  a  separate 
motor,  its  orientation  is  therefore  entirely  nnder  the  control  of  the 
observer.  However,  as  the  moon  is  not  sufficiently  luminous  to  pro- 
duce a  suitable  image  in  a  small  fra<:tion  of  a  second,  it  has  been  impos- 
sible up  to  the  present  to  eliminate  tbe  effects  due  to  the  undulations  of 
atmospheric  origin,  These  are  almost  completely  beyond  the  control 
of  astronomy,  and  it  is  therefore  necessary  to  select  moments  when  they 
make  themselves  least  felt.  Very  often  they  render  the  theoretical 
superiority  of  large  objectives  illusory.  To  show  how  harmful  their 
influence  is,  it  is  sufflcieiit  to  say  that  at  Paris  after  four  years,  during 
•  which  every  opportunity  which  has  appeared  to  be  favorable  for  photo- 
graphing the  moon  has  been  utilized,  only  a  dozen  evenings,  at  most, 
have  given  really  satisfactory  negatives  which  would  stand  strong 
magidfl  cation. 

IV. — AJ>VAJ*TAQES    OF    PHOTOOEAPHY  UTBE    DIRECT    OBSERVATION. 

It  seems  that  in  this  respect  direct  observation  must  claim  a  distinct 
advantage  over  photography.  A  very  short  time,  indeed  only  a  few 
hundredths  of  a  second,  are  necessary  to  aft'ect  the  retina. 

The  observer,  with  his  eye  at  tbe  ocuIaV,  can  thus,  if  he  is  watching 
the  object  which  he  wishes  to  examine,  take  advantage  of  the  rare 
intervals  of  calmness  which  are  lost  in  photography.  The  nights 
suitable  for  observing  will  then,  in  the  former  case,  be  mncli  more 
uomerous.  Notwithstanding  this,  however,  there  still  remains  a  great 
superiority  for  photography,  for  a  single  negative  obtained  under 
fovorable  conditions  includes  an  abundance  of  data  and  exact  details 
which  it  would  be  impossible  for  the  most  patient  and  skillful  observer 


"nOOgIc 


„Gooi^le 


D.qilizMb,G00>^le 


PHOTOGRAPHY    OF   THE   LUNAR    SURFACE.  109 

to  collect  daring;  a  namber  of  years;  moreover,  tbe  qaantity  of  data  is 
of  less  value  than  their  certainty.  Detioeattons  and  descriptiooa  of 
difficultly  visible  objects  are  in  a  certain  measure  itecesaarily  a  product 
of  iuterpretatioD  and  memory.  Their  agreement  is  even  very  fre- 
quently not  a  guarantee  of  the  fidelity  of  the  observer,  often  inflaenced 
by  preconceived  opinions.  The  conditions  in  photography  are  entirely 
ditllerent.  Instead  of  being  temporary,  as  is  the  case  with  the  retinal 
image,  the  chentical  impression  is  permanent  and  can  be  rendered 
indestmutible.  A  certain  control  can  be  assnred  by  making,  as  is 
nearly  always  done,  a  number  of  exjiosnres  which  do  personal  prejudice 
can  alter.  They  escape  al]  physiological  and  mental  iudueuees  which 
might  inaiie  the  hand  or  the  judgment  of  the  artist  deviate  from  the 
truth. 

Another  cause  which  aggravates  the  difficulties  of  direct  vision  is 
due  to  the  presence  of  a  complex  tableau  which  is  being  continually 
transformed.  The  sensitive  plate  furnishes  a  faithful  image  corre- 
sponding to  a  given  epoch. 

Lack  of  time  prevents  the  portrayer  not  from  perceiving  the  details, 
but  from  reproducing  all  of  them,  and  the  subject  even  experiences 
important  modifications  before  tbe  work  of  delineating  is  completed. 
Delicate  markings  might  be  altered  by  the  inevitable  imparities  of  the 
sensitive  films,  of  the  developing  baths,  or  of  the  wash  water,  hot  such 
alterations  are  easily  recognized,  at  least  as  long  as  they  do  not  affect 
details  bordering  on  the  limit  of  visibility.  In  an;  case,  however, 
errors  which  might  be  introduced  can  easily  be  eliminated  by  making 
a  number  of  exposures  at  short  intervals  apart. 

It  can  therefore  be  truly  affirmed  that  photography,  having  become 
an  indispensable  auxiliary  for  stellar  astronomy,  can  also  render  impor- 
tant services  in  tbe  physical  study  of  the  surfaces  of  our  planets. 
The  moon,  mncb  nearer  to  us  than  any  other  celestial  body,  would, 
reasoning  in  this  manner,  be  a  most  fertile  field  for  discoveries.  Dur- 
ing the  last  few  years  the  most  |K>werfnl  telescopes  of  the  Lick  Observ- 
atory, in  California,  and  of  the  Paris  Observatory  have  been  utilized 
in  its  study.  The  collections  of  negatives  of  the  two  observatories, 
taken  together,  inclose  the  elements  of  a  complete  atlas  ot  our  satellite 
(at  present  in  course  of  publication).  Xot  only  do  tbej  reveal  a  muUi- 
tnde  of  details  outside  of  those  which  are  enumerated  and  represented 
on  lunar  maps,  but  they  also  furnish  a  certain  basis  for  the  recognition 
and  analysis  of  the  variations  which  may  be  wrought  by  time  on  the 
surface  of  our  satellite. 

V. — aOHE   OP   THE   PBINOIPAL   CHANGES   WHICH   HAVE   SUPPOSEDLY 
BEEN  OUSEBVED  ON  CUB   SATELLITE. 

The  importance  of  a  verification  of  such  changes  is  extreme,  and 
selenographers  appear  to  have  early  recognized  this.  Fearing  natu- 
rally to  get  lost  in  tlie  infinite  multitude  of  details,  they  have  devoted 
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ttMBUielTes  to  the  study  of  those  concerning  the  existence  of  which 
there  can  b*  d&  donbt.  Their  efforts  have  been  directed  to  obtain  esact 
images  of  them  and  to  WHDpare  their  present  state  with  previoas 
descriptions.  In  the  absence  of  pncise  ideas  in  regard  to  the  physical 
coDBtitatiou  of  the  moon,  they  flattered  tbew— Ivea  to  have  encountered 
traces  of  ao  evolation  as  active  as  that  of  which  onr  glob«  is  the  seat; 
of  having  seen  manifestations  of  the  circalation  of  water,  of  vegeta- 
tion, and  of  life.  This  hope  appeared  at  first  jastifled  by  the  resultai 
Discrepancies,  which  were  revealed  in  large  numbers,  were  interpreted 
as  indications  of  probable  changes.  We  shall  briefly  point  ont  those 
which  appear  moat  worthy  of  attention. 

At  the  bottom  of  the  gnlf,  situated  between  the  Caucasus  and  the 
Lunar  Alps,  we  find  Cassini,  a  crater  60  kilometers  in  diameter,  whose 
ramparts  rise  1,000  meters  above  the  sarroaading  plain  and  above  the 
interior  floor.  This  formation,  which  the  smallest  telescope  at  the 
present  day  clearly  reveals,  is  wanting  on  the  maps  of  Hevelins  and  of 
Biccioli,  who  have  represented  many  other  objects  in  its  neighborhood 
much  less  visible.  It  was  first  mapped  in  1680  by  Dominique  Cassini, 
the  author  justly  celebrated  for  the  discovery  of  the  laws  of  libration. 

At  the  present  day  we  see  in  the  southern  partof  the  "Sea  of  Bains,"* 
two  twin  craters  very  close  together  nearly  equal  in  every  respect, 
having  a  diameter  of  20  kilometers  and  a  depth  of  more  than  1,000 
meters.  These  two  have  been  named  Helicon  and  Leverrier.  Heveliua 
and  Biccioli  again  agree  in  mapping  at  this  point  only  a  single  circle. 

Cichns,  a  crater  of  a  considerable  circumference,  forming  part  of  the 
southern  border  of  the  "Sea  of  Clouds,"'  has  a  paracitic  crater  which 
interrupts  the  regularity  of  its  contour.  On  three  different  maps  of 
Scbroter,  made  between  1784  and  1802,  this  object  is  represented  rela- 
tively one-half  as  large  as  it  now  appears. 

In  the  same  region  all  modern  photographs  show  in  the  neighborhood 
of  the  crater  "Hell"  avery  bright  spot, in  which  are  assembled  several 
craters.  Cassini  assures  ns  that  he  observed  this  region  covered  by  a 
temporary  white  clond,  which  disappeared  to  give  rise  to  a  new  formation. 

We  actually  see  iu  the  dark  part  of  the  "  Sea  of  Clouds  "  a  round 
bright  spot  called  Alpetragius  d.,  about  20  kilometers  in  diameter,  with- 
out any  appreciable  relief.  Madler  represents  at  this  point  a  crater  8 
kilometers  in  diameter,  of  which  not  the  least  trace  can  at  pi-esent  be 
found. 

In  the  middle  of  the  "Sea  of  Fertility"^  there  arise  a  pair  of  craters 
named  after  Messier.  They  attract  attention  by  the  straight  white 
bifurcated  trail  which  extends  from  them  in  an  easterly  direction,  and 
resembles  in  a  most  remarkable  manner  the  tail  of  a  comet  These 
two  circles,  so  close  together,  appeared  exactly  similiar  to  Beer  and 
MSdler.  Their  attention  having  been  attracted  to  this  point  by  a 
remark  of  Sohriiter,  they  submitted  them  to  a  continuous  examination 
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betreeu  1828  and  1S37  witboat  being  able  to  distinguish  the  two  for- 
mations from  one  another  except  by  their  coordinates.  To-day  they 
differ  from  one  another  both  in  form  and  in  dimeoaious,  and  their  dis- 
similarity, ounDimously  recognized,  is  so  prouoaoced  as  to  strike  even 
the  least  attentive  observer.' 

The  pheuomenon  described  above,  in  the  case  of  Alpetragias  d.,  is 
repeated  in  the  case  of  Llnn^,  a  white  B[)ot  situated  in  the  "  Sea  of 
Serenity."*  Riccioli,  Lohnnann,  Miidler,  aud  Schmidt  all  agree  in  rep- 
resenting in  tbis  place  a  very  deep  crater,  from  6  to  10  kilometers  in 
diameter  and  quite  visible.  Schmidt  himself,  in  1866,  pointed  ont  the 
disappearance  of  tbis  crater.  Since  this  epoch  the  spot  of  Linn^  only 
shows  im  extremely  small  opening,  bearing  no  resemblance  to  the  old 
descriptions. 

It  would  be  easy  to  extend  this  list  by  citing  nnmerons  examples 
taken  principally  from  Scr6t«T  and  Grnithnisen,  We  have  only 
described  those  cases  which  are  based  on  independent  and  concordant 
testimony.  Indeed,  in  sncb  matters  the  sources  of  error  are  very 
numerous,  and  Che  selenographers  of  former  days  do  not  appear  to  have 
safflcieutly  guarded  against  tbem.  Tlie  snu,  moon,  and  earth  are  only 
found  in  the  same  relative  positions  at  rare  intervals.  A  change  of  a 
few  degrees  in  the  position  of  the  circle  of  illnmiDatioo,  or  in  tbe  decli- 
nation of  tbe  earth  relative  to  tbe  lunar  equator,  modiliea  in  a  marked 
degree  tbe  aspect  of'the  formations  which  are  adjacent  either  to  the 
terminator  or  to  tbe  center  of  illuminatloQ.  Tbe  part  due  to  these 
iufinences  being  known,  it  remains  well  established  by  photographs, 
which  are  to-day  in  our  possession,  that  tbe  old  drawings  are  no  longer 
true.  Do  tbe  differences  correspond  to  effects  really  observedt  It 
seems  almost  certain  that  there  is  no  escape  from  this  conclusion  in  the 
case  of  Messier,  and  very  probably  in  that  of  Liuu^.  In  the  latter  case, 
however,  there  is  some  room  for  doubt,  for  altboagh  several  drawings 
indicate  changes,  there  are  others  which  might  be  cited  which  contra- 
dict them,  and  hence  make  them  open  to  suspicion.  To  show  how 
uncertain  conclusions  thus  established  may  be,  it  would  be  easy  to  find 
drawings  of  Mars  made  on  tbe  same  day  and  at  the  same  hour  by  two 
different  observers  in  which  even  the  most  important  markings  could 


<  SiQoe  this  verification  is  tbo  ma«t  precise  we  poaseaa,  we  will  qnote  from  the 
writiDgi  of  Beer  aod  Miidler,  whose  aathorit;  io  selenography  is  so  great  and  so 
well  foanded;  "To  the  eMt  thero  arises  a  orater  similar  to  tbe  first  in  all  mpecte 
'  in  form,  height,  depth,  color  of  the  interior  and  of  the  rampart,  and  even  In  tbe 
position  of  o«rtain  snmmita  on  the  latter.  The  entire  agreement  Is  so  prooonnced, 
that  it  moBl  have  been  due  to  a  singular  atrohe  of  chance,  unless  some  onknown  law 
of  natnre  has  thns  manifested  itself.  We  are  certain  tbat  since  1829  we  have  seen 
this  region,  as  we  have  jast  described  it  on  more  than  three  hundred  occaaions;  in 
other  words,  as  often  as  it  oonld  be  observed.  In  a  formation  so  well  characterised 
the  least  changes  of  size,  shape,  or  luminositj  would  have  made  tbemaelves  visible, 
the  observations  of  SchrSter  having  indaoed  ne  to  keep  a  sharp  watch  on  this 
locality." 

'  Hare  Serenitatis. 
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not  be  identifieil.  If  two  such  drawings  were  cousidered  as  relating  to 
different  epochs,  tbere  wonid  have  been  a  great  temptation  to  assame 
that  there  had  been  a  profoand  trunsformation,  while  everything  is 
explained  by  errors  of  interpretation  of  a  philological  origin,  which 
arise  when  the  attention  is  concentrattid  for  a  long  time  on  objecte 
which  are  scarcely  visible.  The  sitaatiou  would  be  entirely  different 
for  the  moon  if  we  had  negatives  taken  fifty  or  sixty  years  ago  com- 
parable in  quality  with  those  obtaine^l  at  the  present  time.  Under 
these  circumstances  there  would  be  no  uncertainty  as  to  surface  changes 
of  any  moment. 

TI. — INDICATIONS  FITBNI8HED  IIV  BECENT  PHOTUGBA1-R8  IN  KBQABD 
TO   THE   OBIQIN   OF   THE   LUNAR   OOKB. 

Let  US  now  examine  what  profit  science  can  hope  to  reap  from  the  ' 
study  of  photographs  taken  in  the  last  few  years.  They  confirm,  on 
the  whole,  the  correctness  of  the  work  of  Mitdler  and  Schmidt,  and 
show  that  no  phenomenon  which  has  modified  in  any  permanent  man- 
ner the  general  aspect  of  the  moon  has  taken  place  in  thelast  half  cen- 
tury. Concerning  local  variations,  it  would  be  wise  not  to  draw  any 
absolute  conclusions  and  to  consider  the  recent  photographs  as  bea- 
cons erected  for  the  future.  The  value  of  Innar  photographs  can  not 
fail  to  increase  with  time,  and  they  will  doubtless  permit  qb  to  draw 
definite  conclusions  within  a  few  years  which  the  sketches  of  two  cen- 
turies ago  would  not  authorize.  Moreover,  the  photographs  are  even  to 
furnish  us  at  once  with  other  very  important  data  from  another  point  of 
view,  for  giving,  as  they  do,  a  homogeneous  and  simultaneous  represen- 
tation of  the  whole  visible  disc,  they  lend  themselves  very  well  indeed 
to  a  study  of  the  origin  of  the  lunar  mil.  They  possess  particular 
advantages  in  the  recognition  of  the  general  alignments  in  the  struc- 
ture uf  the  soil,  the  delicate  tracings  which  extend  lor  great  distances, 
such  as  the  so-called  cracks  and  radiating  streaks. 

These  objects  are  most  difficult  to  distinguish  by  direct  observations, 
the  attention  of  the  astronoiner  being  in  this  case  strongly  concentnited 
on  a  restricted  portion  of  the  image.  Another  valuable  protierty  of 
photography  is  that  it  brings  out  in  an  expressive  manner,  possibly 
slightly  exaggerated,  the  differences  in  the  tint  of  two  neighboring 
regions.  Such  indications  have  a  great  value  in  thestudy  of  the  actual 
physical  state  of  the  moon,  and,  notably,  in  proving  the  presence  or 
absence  of  air  and  water  on  ite  surface.  We  are  now  to  take  up  a  con- 
sideration of  this  question,  which  is  intimately  connected  with  the  prob- 
lem so  often  suggested  of  the  habitabillty  of  the  planets. 

VII. — ON   THE  EXIKTENCK   OF  WATBtt   AWn   AIE  OH   THF.  MOON. 

The  complete  absence  of  air  and  of  water  on  the  moon  would  be  con- 
sidered at  first  sight  as  an  abnormal  condition.  It  is  indeed  difiicnlt, 
whatever  cosmic  theory  one  adojtte,  not  to  regard  the  moon  as  a  depend- 
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ency  or  a  colony  of  tbe  earth.  To  be  more  preciBe,  and  cousideriiig  the 
qaestion  from  tbe  standpoint  of  Laplace,  the  fateDites  onght  to  be  con- 
sidered as  fragments  of  the  planet  tUey  accompauy,  these  fragments 
having  been  derived  trom  its  equatorial  and  superficial  layers.  The 
materials  which  predominate  in  the  original  body  ought  to  be  repre- 
sented in  the  satellite,  and  especially  the  fluids  and  other  light  sub- 
stances which  gravity  tends  <:easelessly  to  conduct  to  the  surface.  This 
supposition  is  confirmed  by  the  low  mean  density  of  the  moon,  hardly 
greater  than  one-half  of  that  of  tbe  earth.  It  might  generally  be  sup- 
posed that  the  division  of  the  original  atmosphere  would  have  taken 
place  in  proportion  to  the  masses  of  the  two  bodies,  and  one  onght  not 
to  es[>ect  to  find  tlie  air  on  the  surface  of  our  satellite  forming  a  layer 
as  dense  as  that  on  tbe  terrestrial  globe.  The  ratio  of  the  surface  to 
the  volume  of  the  moon  in  four  times  as  great  as  that  of  the  earth,  and 
gravity,  reduced  to  a  sixth  part  of  its  value,  would  more  or  less  effi- 
ciently counterbalance  the  expansive  force  of  gases  and  vapors.  The 
Innar  atmosphere  would  therefore  be  expected  to  extend  to  a  much 
greater  height  than  oars,  producing  a  corresiwnding  decrease  iu  its 
density.  For  these  two  reasons  it  may  be  predicted  that  the  air  at  the 
surface  of  the  moon  can  not  jiossess  a  refracting  power  as  great  as  one- 
fiftieth  of  that  on  the  earth's  surface.  Observation,  however,  shows 
that  it  must  be  very  much  less  than  even  this. 

■yni. — ISDIOATIONS   THUK  PAR   OBTAINBD  BY  DIRECT  OBSEEVATIONS. 

If  our  satellite  possessed  a  layer  of  air  of  appreciable  density  its 
presence  would  surely  be  rcvealeil  iu  several  different  ways:  (1)  The 
diameter  of  the  moon  would  be  increased,  its  apparent  contour  being 
no  longer  determined  by  straight  t-angents  drawn  from  tbe  observer  to 
the  lunar  globe,  but  by  rays  which  are  tangent  to  its  surface,  after  hav- 
ing been  curved  iu  its  atmosphere.  Assuming  that  refraction  is  still 
sensible  at  a  height  of  five  kilometers  above  the  lunar  surface,  this  would 
result  in  an  increase  of  about  five  seconds  in  its  apparent  diameter, 
and  in  a  band  of  about  two  secouds  width,  there  would  be  a  superposi- 
tion of  images,  which  would  detract  very  much  from  the  sharpness  of 
the  moon's  outline.  Briglit  stars  would,  before  disappearing,  seem  for  a 
few  seconds  to  travel  on  the  lunar  disk.  (2)  The  apparent  diameter, 
calculated  from  the  duration  of  the  occulta tiou  of  stars,  would,  on  the 
contrary,  be  smaller  tbau  the  apparent  diameter  defined  by  geometric 
tangents.  A  phenomenon  similar  to  that  observed  at  the  rising  aud 
setting  of  the  stars  would  result.  Refraction  transforms  the  luminous 
rays  into  curvilinear  trajectories,  with  their  concavity  always  turned 
toward  the  center  of  the  earth.  Therefore,  for  example,  the  time  of 
suDseMs  retarded  and  that  of  sunrise  is  ba.stened  by  the  same  aniouut. 
In  the  case  of  an  oceuttation  the  effect  would  be  twice  as  great  seen  from 
the  earth  as  it  would  be  for  an  observer  on  the  moon  at  the  point  of 
taugency  of  the  luminous  ray  emitted  by  the  star.   The  ray,  to  reach  us, 
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would,  ill  fact,  have  to  traverse  the  luuar  atmosphere  t\rice,  being 
twice  deflected,  but  always  in  the  same  direction.  To  be  coneiBe,  the 
duration  of  an  occultatiou  would  be  shortened  and  thediameter  of  the 
disk,  cilculated  from  the  time  of  entry  and  exit,  would  be  less  than  the 
true  diameter,  and,  a  fortiori,  less  than  the  diameter  given  by  micro- 
metric  measurements  or  by  transit  observations.  In  the  case  of  ao 
oblique  passage  of  a  star  behind  the  disk  the  trajectory  of  the  star 
would  be  sensibly  inflected.  (3)  On  days  preceding  or  following  new 
moon  the  narrow  horns,  which  terminate  the  illuminateil  portion, 
ought  to  be  prolonged  beyond  tlieir  geometric  limits — a  twilight  effect. 
(4)  In  an  eclipse  of  the  sun  that  iwrtioii  of  the  lunar  disk  not  projected 
on  the  sun's  surface  should  appear,  partly,  at  least,  surrounded  by  an 
aureole  similar  to  that  which  has  ott«n  been  observed  during  the 
transits  of  Venus.  The  light  from  the  solar  corona  would  be  reinforced 
in  these  parts,  the  refracted  rays  adding  their  effects  to  those  which 
are  directly  transmitted.  (5)  The  spectral  rays  of  atmospheric  origin, 
compared  witli  those  of  solar  origin,  should  be  relatively  more  pro- 
nounced in  the  light  reflected  by  the  moon  than  iii  that,  received 
directly  by  the  sun.  (fi)  Finally,  if  one  assnmes  that  the  atmosphere 
of  the  moon  contains  a  considerable  quantity  of  water  vapor,  as  does 
our  own,  it  would  appear  improbable  that  this  vapor,  submitted  to 
extreme  temperature  changes  due  to  days  and  nights  fifteen  times 
lis  long  as  our  own,  would  not  condense  to  form  clouds  or  deposits  of 
snow  readily  visible. 

Most  of  these  indications  have  repeatedly  been  observed,  according 
to  the  statements  of  astronomers  worthy  of  belief.  They  can,  however, 
hardly  be  considered  as  established  by  sufficiently  precise  and  con- 
cordant testimony,  deiieiidiug,  as  they  do,  on  such  data  as  the  prolonga- 
tion of  the  horns  by  night  and  the  theoretical  duration  of  occultations. 
To  cite  one  more  fact,  the  only  one  on  which  a  numerical  evaluation  can 
be  based,  and  which  has  only  been  brought  to  light  quite  recently;  it  is 
to-day  admittert  that  the  semidiameter  of  the  moon,  deduced  from 
meridian  observations  should  be  diminished  two  to  two  and  a  half  sec- 
onds, to  conform  to  observations  of  occultations  and  eclipses.  At  the 
beginning  of  this  century,  on  account  of  thelack  of  siifiiciently  numerous 
and  exact  measurements,  the  two  values  of  the  diameter  were  regarded 
as  identical.  Based  on  this  assumption,  the  illustrious  Bessel  was  of 
the  opinion  that  he  couldafiirm  that  the  atmospheric  density  at  the  sur- 
face of  the  moon  could  not  be  greater  than  „-£„  of  its  value  on  the  sur- 
face of  the  earth.  If  the  same  calculation  be  repeated  on  the  basis  of 
the  recent  discussion  of  accumulated  observational  data,  it  would  lead 
to  the  assum]>tioii  that  the  moon  does  possess  an  atmosphere  and  that 
its  density  is  slightly  greater  than  that  assigned  by  Bessel  as  a  maxi- 
mum limit. 

It  would  he  wrong,  however,  to  accept  this  conclusion  ns  absolute. 
We  do  not  know  the  diameter  of  the  moon,  as  determined  by  direct 
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measaremeuts,  with  safflcieot  exactness,  and  couseqnently  we  are  not 
able  to  affirm  tbat  the  discordaDce  pointed  out  may  not  be  dne  to  other 
physical  caoses.  However,  it  remainB  established  that  the  principal 
reason  usoally  giveu  for  denying  the  existence  of  an  appreciable  atmos- 
phere around  the  moon  baa  actually  no  valne,  and  the  probabilities 
should  rather  be  considered  as  in  favor  of  its  existence. 

From  this  ensemble  of  facts  the  couclasioDS  may  be  drawn  that  the 
density  of  the  atmosphere  on  our  satellite  is  certainly  very  mucb  less 
than  it  ought  to  be,  if  its  division  between  the  moon  and  tlie  earth  had 
originally  taken  place  in  proportion  to  their  masses.  This  result  might, 
I  moreover,  bare  been  foreseen  by  theory.  Indeed,  during  tlie  separation 
of  the  earth  and  moon  there  must  have  been  a  considerable  time  during 
which  the  two  planets  were  enveloped  in  a  common  atmosphere.  The 
action  of  masses  at  a  distance  being  governed  by  tb^  law  of  universal 
attraction,  it  would  necessarily  follow  tbat  the  atmosphere  would  be 
divided,  not  in  the  ratio  of  1  to  8,  which  is  tbat  of  the  two  masses,  but 
iti  the  ratio  of  1  to  729,  which  is  that  of  the  volames  of  the  attracting 
spheres. 

This  remark  i)ermitB  us  to  consider  the  small  relative  density  of  the 
lunar  atmosphere,  verified  by  observation,  as  being  perfectly  in  har- 
mony with  Laplace's  bypotbests. 

Should  one  conclude  from  the  above  tbat  our  satellite  has  always 
possessed  only  an  extremely  rare  atmosphere,  incapable  of  sustaining 
life,  and  of  being  the  seat  of  meteorological  phenomena  of  importancet 
By  no  means.  It  may  be  supposed  that  at  the  epoch  when  the  divi- 
sion of  the  atmospheres  of  the  two  globes  was  accomplished,  that  of 
the  earth  was  incomparably  more  extended  than  to-day.  An  eleva- 
tion of  the  the  temperature  of  a  few  hundred  degrees  would  transform 
the  water  of  tlie  ocean  into  water  vapor  and  would  also  set  free  all  the 
carbonic  acid  locked  up  in  limestone  formations.  The  small  portion 
of  the  common  atmosphere  with  which  our  satellite  was  endowed 
ought,  then,  on  this  principle,  to  have  had  a  density  much  greater  than 
its  present  value. 

The  examination  of  recent  photographs  furnishes  us  with  numerous 
and  decisive  data  even  on  this  important  qnestion,  enabling  us  to 
affirm  with  certainty  that  the  lunar  atmosphere  was  at  some  previous 
time  mttcli  more  dense.  This  conclusion  is  almost  forced  upon  us  by 
intense  and  manifold  volcanic  phenomena,  of  which  we  discover  unde- 
niable traces  in  nearly  every  region  of  the  moon. 

Even  if  the  inferior  density  uf  the  materials  displaced  be  considered, 
explosions  and  upheavals  could  not  have  been  produced  on  such  a 
large  scale  without  having  been  accompanied  by  an  abundant  disen- 
gagement of  ga»«s.  It  nmst  be  evident,  from  our  knowledge  of  active 
volcanoes,  tbat  no  agent  could  have  supplanted  water  vapor  in  this 
function.  The  scattering  of  eruptive  products  to  great  distances  in 
the  form  of  radiating  streaks  which  clear  all  obstacles  can  not  be  com- 
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|irebfloded  f Xf^t^^  oa  the  assamptioD  That  tbey  w«^  ewitted  in  a  pow- 
dered st»t«  sud  bekl  in  BOBpenskHi  id  an  atsDospbcre  fial&<rxntJf  dense 
to  tcapm^Hly  sii|tport  tliem. 

IX. — rXVPEii   WHICH    MAY    HArB    LED    TO    THB    DISAPPEAKAKCK     OP 
THE   WATSB   A>1>    THE   ATHOSPHEKE. 

The  i>i«eediDg  eon<')aBk>ns.  taken  togetbo'.  lead  to  tbe  result  tfaat 
tbe  moon  Ir  ineapable  of  preserving  id  a  gaseons  state  the  sabstances 
■li«trjl>ate<l  over  ite  Kurface.  Its  Teeble  gravitational  artrartHtn  woald 
permit  tbe  lierlitar  gafses.  sach  as  hydrogen.  ei<-„  to  escape  if  they  be 
raised  to  a  high  tem)ieratnre  or  be  endoved  villi  safbrient  kinetic 
euergy.  The  deseer  gases,  havio};  entered  into  stable  rombinatioiit*, 
Toold  have  become  inoon>orated  with  the  t^re.  Th<-  liquid  portions 
iroaki  have  diBappeared  by  means  of  mechanical  alisnrption.  The 
eontinnity  and  tbe  efficiency  of  this  tfodent-y  are  maiiifesitMl  by  the 
fibenoiDeua  which  are  daily  takin<;  place  alwat  ns. 

ThDft  tbe  oontinnally  iucreasing  prealomi nance  of  solid  compounds  iu 
a  gradually  cooling  body  vonld  result  in  arcordunce  with  the  moHt 
general  laws  of  chemistry.  .Most  saline  comi>ouTids  oontAiu  water  of 
combinatioD  which  ttiey  set  fteeon  being  healed  and  which  they  take 
up  ag^ii  on  cooling  in  a  noist  atmosphere.  This  ]>heiiotnenon  would 
be  limited,  both  by  tbe  complete  saturatint)  of  the  salts  and  by  the  total 
di8^1>earant-e  of  free  water  vaix^r.  Tbe^e  two  conditions  ran  be 
experimentally  realized  in  lalioratories.  Tbe  lirst  is  that  generally 
pieseuted  on  the  surface  of  the  earlh.  but  the  s^cimd  would  be  found 
oD  a  planet  less  well  provided  with  water. 

It  i«  even  probable  that  tbe  evolntion  of  the  eanh  on  whioh  we  dwell 
will  not  c«ase  to  continue  in  (be  same  diDM-tion.  Tlie  inces.saDt  cycle 
of  changes  wbich  water  undergoes  uinler  our  very  eyes,  and  wl)j<:h 
Beems  a  necessary  condition  for  v«geta!n>n  and  life,  is  not  fiseil  and  will 
not  endure  forever.  Tbe  formation  of  ilc)>osit~s  of  iwk  s;Ut,  gyi>siim, 
and  nitrates  eflcctively  abstract.s  a  very  t-onsnlerable  <pian!ity  of  water 
bom  circulation.  Tbe  water  uniting  with  the  s.>lut  sails  ran  then  no 
longer  l»e  separated  from  ibem  by  the  onlinary  ojieraiion  of  natural 
fofccR.  What  we  have  .sjiid  almve  in  reptnl  to  llie  water  applie.s 
equally  well  to  the  other  component*  of  tbe  atmost)here.  From  it  have 
been  abstracted  Ibecarlmn  containeil  in  limestone  fiiriii;itions  and  in 
coal  beds,  the  nitrogen  iu  vegeiaWe  soils  and  in  the  IVruvian  nitrate 
beds,  and  finally  the  oxygen  of  silioeimsrtx-ks.  Noibing  indicates  that 
this  transformation  has  already  been  t^tiniilelcHl,  and  tliat  it  will  not  be 
continuou.sly  manifested  liy  tbe  lowering  of  tbe  iH-o.in  level  and  of  the 
barometric  column. 

There  is.  moreover,  a  eix-cial  cansi*  operating  to  iibstrat-t  water  from 
circulation  apart  from  cheinioal  union,  Tbe  imyor  piirl  of  the  terres- 
trial core  is  forme<l,  as  is  well  known,  of  iHTiHt^able  nvks.  The  water 
carried  down  by  rain  Altera  through  tbom,  sittuntttng  them  more  or 
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less  completely,  according  to  tbe  season,  fllliug  the  cavities  which  there 
a'lwnnd  or  circalattng  in  capillary  fissures,  compressing  and  expelling 
any  gases  which  are  enconutered.  The  same  phenomenon  mast  also 
be  going  on  at  the  sea  bottom,  and  in  addition  gravity  always  tends  to 
remove  the  water' farther  away  from  the  surface.  The  absorption  is, 
however,  limited  by  the  internal  lieat  of  the  g1ol>e.  At  a  depth  of  3,000 
or  4,000  meters  the  water  would  be  brought  in  contact  with  layers  at 
a  temperature  of  100°.  It  would  therefore  be  vaporized  and  the  ten- 
sion of  the  vapor  formed  would  be  sufficient  to  partly  drive  back  the 
water  into  the  upper  layers  or  even  to  spurt  it  out  in  tbe  form  of 
thermal  springs.  This  subterranean  circulation  of  the  water  is  prob- 
ably the  most  active  cause  of  the  loss  of  the  internal  lieat  of  the  globe. 
In  proportion  as  the  cooling  progresses  the  depth  of  the  layer,  in  which 
water  can  exist  in  the  liquid  state,  would  increase  and  its  capacity  for 
absorption  wonhl  thus  be  still  further  augmented. 

If  we  give  due  weight  to  the  difference  in  the  physical  conditions  on 
the  earth  and  on  the  moon  we  become,  without  difficulty,  convinced 
that  all  tbe  causes  which  have  tended  to  diminish  the  height  of  the 
atmus|)here  and  the  volume  of  the  ocean  on  our  globe  must  have  had  a 
still  greater  induence  on  our  satellite.  Less  well  provided  with  air  and 
water  originally,  and  with  a  greater  extent  of  surface  in  proportion  to 
its  volume,  the  moon  would  take  less  time  to  cousame  the  reserve  sup- 
plies. The  formation  of  saline  compounds,  of  limestone,  gypsum,  aiid 
nitrates  must  have  been  able  to  effect  a  nearly  complete  absorption  of 
the  water  before  even  the  cooling  would  have  permitted  its  condensation 
on  the  surface.  The  remainder,  having  escaped  these  causes  of  absorp- 
tion or  having  been  again  set  at  liberty  by  volcanic  eruptions,  must 
have  filtered  into  the  innumerable  orifices  of  every  size  which  honeycomb 
the  lunar  core.  lu  addition,  the  penetration  would  be  more  easily 
effected  than  on  the  earth,  for  the  internal  temperature,  decreasing 
more  rapidly  with  the  depth,  would  not  tend  to  preveut  tliat  action  to 
the  same  extent.  To  briefly  summarize  tbe  above  it  must  be  consid- 
ered as  established  by  observation  that  tbe  moon  does  not  at  present 
contain  either  bodies  of  water  having  a  free  surface  or  an  appreciable 
atmosphere.  If  it  be  demonstrated,  however,  that  water  in  the  form 
of  vafior  has  actively  contributed  to  the  formation  of  the  present  relief, 
we  can  not  tell  a  priori  whether  water  has  ever  circulated  in  the  liquid 
form  at  some  intermediate  period  or  whether  it  tiail  time  to  be  con- 
densed on  the  surface  before  being  absorbed,  before  accomplishing 
iniiKirtiiut  mechanical  effects,  or  before  finally  giving  rise  to  tbe  forma- 
tion of  great  accumulations  of  ice. 

On  these  different  points  there  is  abundant  opportunity  for  interro- 
gating unprejudiced  observation,  and  for  examining  if  our  satellite 
shows  any  evidences  of  eroded  valleys,  sedimentary  deposits,  and  tee 
fields  of  considerable  extent — phenomena  which  ought  to  result  from 
the  prolonged  action  of  water.  Modern  photographs  will  throw  much 
valuable  light  ou  this  subject.  -      ^iilp 
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Although  it  is  easy  indeed  to  find  on  the  surrace  of  the  moon  regions 
similar  iu  their  aspects  both  to  the  low  plains  and  the  elevated  plateaus 
of  the  earth,  the  dUTerencea  become  accentuated  ou  comparing  the 
luountainoas  regiona,  properly  ao  called;  that  is  to  say,  thoae  in  which 
diflereoces  in  level  of  several  thoasaod  meters  appear  short  distances 
apart.  Wherever  this  condition  is  encountered  on  our  globe  it  maybe 
observed  that  the  relief  of  the  surface  baa  been  totally  transformed  by 
the  action  of  water,  aod  the  inspection  of  sedimentary  deposits  shows 
that  our  present  mountain  chaina  are  bat  a  amall  reaidne  of  the  primi- 
tive formations.  Formations  rising  boldly  above  the  general  level 
have  undergone  a  progressive  erosion,  especially  their  contour,  and  the 
direction  of  their  greatest  elongation  is  to-day  marked  by  a  crest  or  a 
divide  the  more  marked  the  higher  the  mountains. 

The  causes  which  lead  to  the  appearance  of  these  divides  alao  give 
rise  to  the  formation  of  aecendary  ridges,  lietween  these  ridges  the 
valleys  appear,  which  deepen  and  enlarge  gradually  from  their  source 
to  their  jnuctio II  with  the  plains  below.  Some  of  tbeni,  deepened  by 
Domerons  rivers,  cooduct  to  a  common  destination  all  the  waters 
of  a  vast  region,  and  not  iuf^uently  accinire  iniportiint  dimensions. 
There  is  often  a  distance  of  10  to  15  kilometers  between  the  ridges  on 
either  side.  Vast  basins  would  also  be  easily  recognized  under  an 
oblique  illumination  on  the  present  scale  of  lunar  photographs,  and 
we  would  be  able  to  verify  without  any  diGBculty  their  general  charac- 
ter of  convergence. 

The  evidences  which  we  to-day  possess  cause  the  lunar  mountains 
to  appear  in  an  entirely  diQ<ereot  aspect.  Rarely  is  a  sharply  defined 
watershed  found,  and  even  iu  this  case  it  is  easily  recognized  that  it 
is  the  edge  of  a  plateau  of  which  only  one  side  shows  a  marked  decliv- 
ity extending  for  a  considerable  distance  and  marked  differences  in 
level.  From  this  standpoint,  at  least,  we  shonld  have  conditions  most 
favorable  for  indicating  the  action  of  flowing  water.  We  find,  however, 
that  there  are  no  large  basins  formed  such  as  abound  among  the  high 
mountains  f)f  our  globe.  The  depressions  there  eucountered  are  iso- 
lated and  closed  from  all  sides.  They  show  no  progressive  extensions, 
no  tendency  to  ramify  toward  the  ridges  or  to  converge  in  descending 
toward  the  plains. 

These  facts  taken  together  appear  to  us  irreconcilable  with  the  idea 
that  there  was  ever  an  imjiortant  circulation  of  wiitcr  on  the  moon. 
It  ia  hardly  necessary  to  point  out  that  if  there  were  any  bodies  of 
water  at  present  they  woirid  be  revealed  by  their  aspects  and  by  their 
power  of  reflecting  solar  light. 

I, — THE    PBF  'CE    ON   THE    tHIKFACE   OP  THE   MOON. 

It  might  be  tl  water  hsis  not  accomplished  any  impor 

taut  mechanical  <af  ellite  this  might  be  due  to  the  ra|»id 

cooling  of  the  1  tvater  having  thus  passed  iu  a  short 
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space  of  time  from  tbe  gaseons  to  the  solid  state.  It  may  be  assumed 
from  tills  standpoint  that  the  moon  is  enveloped,  even  at  present,  by  au 
aninterrupted  coating  of  ice.  This  view  has  been  adopted  by  various 
skillful  observers,  especially  by  fiayoard.  It  is  my  opiniou  that  it  can 
no  longer  be  defended  to-day,  and  that  the  modern  photographs  do  not 
permit  ns  to  assame  the  presence  of  any  considerable  quantity  of  ice 
upon  the  surface  of  the  moon. 

The  hypothesis  of  au  ice  coating  api>ears  seducing  on  account  of  the 
fitct  that  a  general  cooling  appears  to  progress  more  rapidly  than  tbe 
absorption  of  the  water,  at  least  on  the  earth's  surface.  Accordingly 
it  may  be  predicted  that  at  some  fntnre  time  tbe  greater  part  of  the 
ocean  will  have  been  transformed  into  tbe  solid  condition.  Tbe  nioou, 
therefore,  would  oft'er  ns  au  image  of  tbe  future  state  of  our  globe. 

It  is  also  true  that  the  measurements  of  radiant  heat  made  by  various 
physicists,  especially  by  Langley,  have  led  to  the  view  that,  on  the 
whole,  the  lunar  disk  is  at  a  very  low  temperature  eveo  when  in 
opposition. 

On  the  other  band,  if  tbe  Innar  disk  were  covered  with  ice  one  ought 
to  see  a  lamiuous  spot  periodically  appear  following  the  motion  of  the 
sun.  Ice,  indeed,  possesses  a  marked  power  of  reflecting  light,  although 
to  a  smaller  degree  than  water.  Neither  photography  nor  visual  obser- 
vation indicate  anything  of  this  kind,  besides  the  measareinents  of  M. 
Landerer  give  a  value  for  the  angle  of  polarization  of  the  surface  of 
the  moon  differing  ft-om  that  of  ice  and  agreeing  ninch  better  with  that 
of  volcanic  rocks. 

It  seems  also  very  improbable  that  a  bed  of  ice  spread  over  the 
equatorial  zones  could  undergo  for  two  consecutive  weeks  the  direct 
action  of  the  solar  rays,  to  be  for  several  times  twenty-four  hours 
beneath  the  sun  near  its  zenith,  without  being  heated  to  the  melting 
point  and  cousequenlly  giving  rise  to  the  productionof  bodies  of  water 
and  of  clouds.  Although  the  high  summits  of  terrestrial  mountains 
reinaiu  cold  in  the  summer  and  although  the  snows  which  cover  them 
melt  but  slightly,  this  may  be  attribated  to  the  violent  winds  which 
there  abound  and  which  prevent  the  temperature  of  the  surface  from 
exceeding  that  of  the  air.  But  tbe  melting  of  the  snow  does  take 
place  under  the  sun's  ezposure  in  localities  sheltered  from  the  wind. 
On  the  moon,  however,  the  air  is  too  rare  to  remove  by  convection  any 
considerable  quantity  of  beat  fVom  bodies,  and  hence  the  action  of  the 
Buu  i-s  exercised  iu  au  extremely  energetic  and  prolonged  manner.  The 
supposition  that  the  glacial  coat  of  the  moon  is  covered  by  another, 
formed  of  scoria;  and  cinders,  is  in  better  agreement  witli  it.s  superficial 
aspect,  but  the  resistance  past  and  present  offered  by  the  ice  to  fusion 
must  still  be  regarded  as  most  mysterious.  Tbe  scoriic  indeed  should 
have  au  elevated  temperature,  for  they  heat  up  under  tbe  action  of  tlie 
sau  even  more  readily  than  ice.  Water  surfaces  should  therefore 
appear  periodically  at  least  iu  tbe  bottoms  of  great  depressions. 
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The  hfpotheBis  that  the  entire  sarface  of  tbe  moon  U  covered  vitli 
ice  appears  to  as  iiiadmisHible.  It  is  uatural  to  inquire  whether  its 
accnmulatioD  might  not  take  place  exclusively  in  tbe  neighborhood  of 
the  poles  as  in  the  case  of  the  i-arth  and  probably  that  of  Mars,  No 
doubt  these  regious  nearly  deprived  of  the  action  of  solar  heat  onght 
to  cool  down  first. 

The  vapors  formed  in  the  low  latitudes  would  condense  at  the  poles 
in  the  form  of  stiow,  and  would  thus  be  withdrawn  from  circnlation, 
since  tbe  tem[>erature  at  the  itolcs  must  have  become  too  low  to  melt 
or  vaporize  it.  Starting  from  the  moment  this  temperature  is  reached, 
the  ice  would  not  cease  to  accumulate  at  the  poles  until  tbe  equatorial 
zone  itself  had  permanently  cooled  to  tlio  fi'eezing  point.  Moreover, 
since  this  general  cooling  toald  only  have  been  accomplished  extremely 
slowly,  the  poles  would  have  time  to  accumulate  a  great  quantity  of 
ice.  Their  aspect  would  consequently  be  more  aait«d  than  that  of  the 
equatorial  regions  on  account  of  the  efi'acement  of  the  smaller  depres- 
sions. The  lunar  photographs,  however,  reveal  just  the  contrary.  The 
southern  region  of  tbe  moon  is  particularly  mountainous,  bristling  with 
irregular  formations.  Tbe  craters  are  very  numerous  in  this  locality, 
many  touching  the  limit  of  visibility,  and  there  are,  without  doubt, 
many  more  which  escape  our  meaus  of  observation.  On  the  hypothesis 
of  two  polar  ice  caps  it  seems  impossible  for  the  intermediate  zones  not 
to  be  distinguished  by  too  easily  distinguished  lines  of  demarcation 
undergoing  periodic  oscillations.  Indeed,  no  known  rock  taken  us  a 
whole  i>ossessc8  a  [>ower  equal  to  that  of  snow  or  of  ice  for  reflecting 
and  diffusing  light.  The  distinction  could  perhaps  be  made  without 
difhcnlty  on  terrestrial  mountains  200  kilometers  ofi',  through  the  low- 
est and  most  highly  refracting  layers  of  the  atmosphere,  conditions 
under  which  these  mountains  would  appear  infinitely  less  sharply 
defined  than  the  craters  of  tbe  moon.  It  seems  that  all  we  can  reason- 
ably admit  is  tbe  possible  existence  of  deposits  of  ice  on  the  floor  of  the 
craters  iu  tlie  i>olar  regions.  There  they  would  be  nearly  removed 
from  our  sight  and  sheltered  from  the  radiation  of  the  sun.  Beduced 
to  these  terms  the  question  can  only  be  answered  by  an  absolute  nega- 
tive. It  may  be  jwinted  out,  however,  that  the  bottoms  of  the  craters 
appear  relatively  white  in  tbe  neighborhood  of  the  poles  bnt  never 
more  so  than  tbe  neighboring  crests  and  plateaus.  There  can  exist, 
therefore,  only  glacial  masses  of  slight  thickness  and  of  small  extent, 
probably  covered  with  cinders.  Notwithstanding  this,  it  is  to  be  hopetl 
that  the  changes  which  should  accompany  their  temi>orary  liquefac- 
tion onght  to  be  revealed  some  day  by  the  careful  comparison  of 
photographs. 

...        -    NOLUSIONS. 

The  result  of  this  i  -■  be  seen,  is  unfavorable  to  the 

actual  existence  of  wi  ■>  in  any  ounsiderHblu  quantity 

^u  the  moon.    The  cli  must  therefore  be  very  severe, 
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not  only  in  tbe  polar  regions,  hardly  touched  by  the  grazing  rayn  of  the 
son,  bat  even  in  the  equatorial  regionB.  Deprived  of  the  protecting 
mantle  formed  by  the  air  and  the  water  vapor,  it  is  subjected  to  the  same 
conditions,  in  a  more  aggravated  form,  as  the  highest  terrestrial  monu- 
taiua,  tbe  most  extreme  dryness,  intense  nm^turual  radiation,  and  a  very 
low  mean  temperature.  One  can  hardly  imagine  an  abode  more  unfa- 
vorable for  the  existence  of  human  life,  and  as  even  the  moat  rudimen- 
tary forms  are  absent  on  the  earth  at  great  altitudes,  it  is  impossible  to 
conceive  of  any  which  could  adapt  themselves  to  the  moon  in  its  prosent 
state. 

Tbe  same  conclusion  seems  valid,  however  deeply  tbe  question  be 
considered. 

Without  doubt  tbe  elements  of  onr  terrestrial  atmosphere  have 
existed  on  onr  satellite.  Water  in  the  form  of  vapor  has  exerted  a 
most  energetic  action,  and  has  formed  a  relief  more  marked,  ou  the 
whole,  than  that  of  the  earth.  The  atmosphere  must,  however,  have 
been  quite  rare  when  the  surface  temperature  reached  the  condensation 
point,  and  must  have  been  almost  entirely  absent  when  it  reached  the 
freezing  jwint.  Tbe  conditions  of  humidity  and  temperature  required 
for  tbe  devetopiueut  of  terrestrial  organisms  are  therefore  never  found 
together  on  the  moon.  Its  history  has  many  features  in  common  with 
the  primitive  evolution  of  tbe  earth,  though  none,  it  appears,  in  com- 
mon with  the  contemporaneons  period.  The  moon  seems  like  a  planet 
of  which  tbe  development  has  been  prematurely  arrested,  fixed  in  its 
final  form,  to  become  a  mute  spectator  of  our  own  agitations. 

Should  we  for  this  reason  forsake  the  study  of  that  sterile  globe  as 
beingwitbout  interest!  We  should  regard  thequestioa  from  a  broader 
standpoint.  The  period  when  life  fiourishes  is  but  a  chapter  in  the 
history  of  a  celestial  body,  although  without  doubt  tbe  most  interesting 
one,  but  we  can  not  consider  it  only  at  its  best  without  extending  our 
researches  still  further.  Physical  and  chemical  laws  develop  their  con- 
sequences within  the  widest  limits  of  time,  and  we  tiud  in  tbe  series  of 
transformations  of  a  plauet  a  subject  having  an  almost  e<|ual  philo- 
sophical importance.  The  photograjiliic  observation  of  our  satellite  is, 
tcom  this  point  of  view,  full  of  promise. 

Although  incapable  of  sustaining  organized  life,  the  moon  will  never- 
theless continne  to  exert  a  permanent  action  in  tbe  development  of  the 
human  mind.  By  the  study  of  the  important  phenomena  which  are 
connected  with  its  attraction  for  the  earth,  it  has  given  rise  to  the 
highest  efforts  of  mathematical  genius.  It  aids  us  in  conceiving  a 
more  just  and  disinterested  view  of  the  universe  as  a  whole.  It  makes 
as  reach  out  in  thought,  not  only  fYom  ourselves,  but  from  the  earth 
where  we  abide,  and  &om  the  short  lifetime  in  which  all  our  experiences 
are  embraced. 
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THE  FUKOTION  OF  LARGE  TELESCOPES.' 


By  tiBORGB  E.  Halb. 


The  anuual  eshibitions  uf  the  New  York  Academy  of  Sciences  affoitl 
excellent  opportniiitiea  for  studyiDg  the  progress  of  science.  The  pho- 
tographs aiid  specimens  gathered  here  tonight  are  substantial  evi- 
dence that  in  no  departmetit  of  research  have  investigators  been  idle 
daring  the  last  twelvemonth.  So  true  is  this,  that  to  sketch  the  year's 
advances  in  even  a  single  field  wonid  consume  more  time  thau  is 
allotted  to  the  annual  lecture.  It  therefore  seemed  to  me  wise,  in 
responding  to  the  courteous  invitation  with  which  I  was  honored  by 
the  council,  to  select  a  subject  involving  certain  details  of  astronomical 
progress,  without  attempting  to  undertake  the  inviting  t»sk  of  portray- 
ing the  rapid  advances  which  make  up  the  recent  history  of  the  science. 
I  accordingly  invite  yoar  attention  to  some  considerations  regarding 
the  function  of  great  telescopes. 

Od  the  21st  of  last  October,  in  the  presence  of  a  large  company  of 
guests,  the  Yerkes  Observatory  was  dedicated  to  scientific  investiga- 
tion. The  exercises  were  held  under  the  great  dome  of  tlie  observa- 
tory, twneath  the  40-iuch  telescope.  Is  there  reason  to  suppose  that 
some  in  the  audience,  particularly  those  having  uo  great  familiarity 
witli  astronomical  instruments,  were  inclined,  in  the  course  of  the  reflec- 
tions to  which  the  occasion  mny  have  given  rise,  to  attribute  to  the 
great  mass  of  steel  and  optical  glass  rising  far  above  their  heads  some 
extraordinary  and  perhaps  almost  supernatural  power  of  penetrating 
the  mysteries  of  the  universe  1  It  is  not  at  all  unlikely  that  this  was 
the  case.  For  there  apparently  exists  in  the  public  mind  a  tendency 
to  regard  astronomical  research  with  a  feeling  of  awe  which  is  not 
accorded  to  ottier  branches  of  science.  In  its  |>ower  of  searching  out 
mysterious  phenomena  in  the  infinite  re;;ions  of  space,  a  great  telescope 
seems  U>  stand  alone  among  the  appliances  of  the  investigator.  Partly 
because  of  this  special  veneration  for  its  principal  instrument,  and  per- 
haps still  more  on  account  of  the  boundless  opjiortunity  for  speculation 
regarding  the  origin  and  nature  of  the  universe,  astronomy  appears  to 
command  the  interest  of  a  great  portion  of  the  human  race.  Ko  doubt 
there  are  also  historical  reasons  for  the  special  attraction  which  the 

'  All  aildreaa  giveo  at  the  fiftb  aaniial  reception  of  the  New  York  Aciideiny  of 
SoienceH.     Printed  in  Solcnce,  Vol.  VII,  No.  ITEi,  May  13,  1898, 
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sabject  seems  to  exercise.  Id  the  more  prosperoas  d^ys  of  tbe  countries 
borderiug  ou  the  Mediterranean  astrology  played  an  importaut  rcile, 
and  mediteval  history  illustrates  most  clearly  the  ascendency  wbich 
tbe  fancies  of  the  astrologers  bad  acquired  over  even  cultivated  minds. 
So  strong  was  tbe  tendency  of  tbe  times  that  even  so  able  an  astrono- 
mer as  Tycbo  Brahe  was  wont  to  cast  horoscopes,  in  tbe  significance  of 
which  he  tirmly  believed.  He  conclnded  that  tbe  new  star  of  1572 
prognosticated  great  changes  in  the  world.  Similarity  to  the  ruddy 
planet  Mars  pointed  to  wars,  pestilence,  Tenomous  snakes,  and  general 
destruction,  and  its  resemblance  to  Venus,  Japiter,  and  Saturn  at  other 
times  foretold  temporary  pleasant  inflnences,  followed  by  death  and 
famine'  Tbns  tbe  heavenly  bodies  in  their  courses  were  supposed  to 
exercise  evil  or  benign  influences  upon  the  human  race,  aud  the  apjtari- 
tion  of  a  great  comet  or  a  new  star  gave  rise  to  endless  speculations 
regarding  the  fate  to  which  tbe  inhabitants  of  the  earth  were  shortly  to 
be  exposed.  Kven  in  our  own  day  it  can  not  be  said  that  we  have  alto- 
gether escaped  from  the  entangling  meshes  of  the  astrological  net. 
With  that  strong  desire  to  be  humbugged  which  Br.  Bolton  has  so  well 
illustrated  in  his  recent  paper  in  Science  on  latro  Chemistry,  a  portion 
of  the  general  public  sooms  to  devote  itself  with  enthusiasm  to  the 
encouragement  of  charlatans,  whether  they  deal  with  alchemy,  with 
medicine,  or  with  astrology.  So  it  is  that  astrologers  flourish  to-day, 
and  continue  to  derive  profit  from  their  philanthropic  desire  t«  reveal 
the  future  to  inquiring  minds. 

The  interest  of  cultivated  persons  in  astronomy  and  in  the  possibilitiea 
of  great  telescopes  is  by  no  means  to  be  compared  with  the  blind  group- 
ing of  less-developed  intellects  after  the  mysteries  of  astrology.  But 
if  we  must  regard  the  large  circulation  of  certain  newspapers  as  any 
index  to  the  popularity  of  their  contents,  we  are  forced  to  admit  that 
their  readers  may  comprise  a  class  of  persons  whose  admiration  for  tbe 
science  is  at  least  distantly  related  to  the  love  for  the  sensational 
which  dominates  the  followers  of  modern  seers  aud  soothsayers. 
Great  telescopes  are  no  sooner  erected  than  these  papers  begin  to 
demand  extraordinary  revelations  of  celestial  wonders.  The  astrono- 
mer, quietly  pursuing  his  investigations  in  the  observatory,  is  from 
time  to  time  startled  by  imperative  demands  to  introduce  a  waiting  aud 
anxious  public  to  the  equally  expectant  inhabitants  of  Mars.  Minute 
particulars  as  to  tbe  appearance,  strength,  stature,  and  habits  of  these 
hypothetical  beings,  wbose  existence  is  freely  taken  for  grauted,  are 
expected  to  be  the  results  of  a  few  moments'  observation  with  the  great 
telescope.  When  the  astronomer  mildly  protests  that  his  observations 
are  likely  to  afford  little  or  no  material  for  discussions  of  such  topics, 
he  is  at  least  supposed  to  so  cultivate  his  imaginative  i>owers  that  he 
shall  be  able  to  supplement  his  unsatisfactory  observations  by  intui- 
tive perception  of  things  which  are  beyond  his  telescope's  unaided 

'Sw  Dreyeru  Tycho  BroUe,  p. 50. 
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appreciation.  And  it  must  be  admitted  that  this  demand  on  tbe  part 
of  some  portion  of  the  public  press,  while  iu  one  sense  only  a  certain 
pbase  of  the  almost  nniversal  desire  for  sensation,  has  not  lacked 
encouragement  from  men  who  are  generally  regarded  as  serious 
astronomers,  intent  on  arriving  at  the  truth  by  the  methods  of  exact 
science.  To  such  ia  due  a  widespread  belief  in  the  inljabitants  of  Mars, 
who  in  the  popular  novels  of  the  day  have  not  even  been  content  with 
life  upon  their  own  planet,  but,  in  accordance  witli  the  astrological  sig- 
nificance of  the  god  of  war,  have  come  to  bring  destruction  upon  the 
inhabitants  of  the  earth.  However  entertaining  we  may  find  the  doings 
of  these  strange  individuals,  whether  at  home  or  abroad,  we  must  not 
make  the  mistake  of  classing  the  works  which  describe  them  with  the 
literature  of  science,  but  rather  aixord  them  their  projmr  place  among 
the  pleasant  romances  which  we  owe  to  men  of  letters. 

I  (^an  not  better  illustrate  one  phase  of  this  pseudoscience  than  by  a 
reference  to  the  celebrated  "Moon  Iloax,"  which  caused  such  a  stir  at 
the  time  of  its  appearance.  When  Sir  John  Herschel  sailed  for  the 
Cape  of  <iood  Hope  in  1833  he  little  imagined  what  marvelous  discov- 
eries lay  before  him.  It  is  true  that  he  was  provided  with  a  great 
reflecting  telescope  of  20  feet  focal  length,  which  was  to  be  used  upon 
the  previously  unexplored  regions  of  the  southern  heavens,  and  it 
could  not  have  been  difficult  for  him  to  form  some  conception  of  the 
valuable  additions  he  was  certain  to  make  to  astronomical  knowledge. 
But  the  imagination  of  others  by  far  outran  the  more  prosaic  course  of 
his  own  mind,  and  results  were  obtained  for  him  which  unfortunately 
his  telescope  never  served  to  show.  Many  who  are  present  are  no 
doubt  familiar  with  a  pamphlet  entitled  Great  Astronomical  1  >iscoveries 
lately  made  by  Sir  John  Herschel,  LL.  D.,  F.  B.  S.,  etc.,  at  the  Gape  of 
Uood  Ho]>e,  which  was  "first  published  in  the  Kew  York  Sun,  from 
the  supplement  to  the  Edinburgh  Journal  of  Science."  In  the  truly 
entertaining  pages  of  this  ingenious  narrative  we  find  an  example 
which  cert<iin  reporters  of  our  own  day  seem  to  have  taken  to  heart. 
Let  me  quote  a  paragraph  of  nonsense  which  is  so  amusingly  conceived 
and  proved  so  eflective  when  published  that  one  is  almost  ready  to 
forgive  the  peri»etrator.  After  a  lucid  historical  discourse  on  the  great 
telescopes  which  had  been  made  by  Sir  William  Herschel  and  other 
previous  investigators,  followed  by  an  impassioned  paragraph  which 
may  well  be  considered  to  approa<;h  in  .eloquence  the  most  fervid 
astronomical  literature  of  our  own  day,  our  author  treats  us  to  an 
account  of  a  conversational  discussion  between  Sir  John  Herschel  and 
Sir  David  Brewster,  which  began  with  a  consideration  of  certain  sug- 
gested improvements  in  refiecting  tt^lescopes,  and  soon  directed  itself 
"to  that  all-invincible  enemy,  the  paucity  of  light  in  powerful  magni- 
fiers. Afterafewmoments'8ilentthought,Sir  John  diffidently  inquired 
whether  it  would  not  be  possible  to  effect  a  transfusion  of  artificial 
light  through  the  focal  object  of  vision !    Sir  David,  somewhat  startled 
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at  tbe  orifrioality  of  the  idea,  paased  a  while,  aud  then  hesitatingly 
referred  to  the  refrangibility  of  rays  and  the  angle  of  incidence.  Sir 
John,  grown  more  confident,  adduced  the  example  of  the  N^ewtooian 
reflector,  in  which  the  refrangibility  was  corrected  by  tbe  second  specu- 
lum, ami  the  angle  of  inciden<;e  restored  by  tbe  third.  'And,'  continued 
be,  'why  can  not  the  illuminated  microscope,  say  the  hydro-oxygen,  be 
applied  to  render  distinct,  and,  if  necessary,  even  to  magnify,  the  focal 
objecti'  Sir  David  sprung  from  his  chair  in  an  ecstacy  of  conviction, 
and,  leaping  half-way  to  the  ceiling,  exclaimed,  'Thou  art  tbe  man!' 
Each  philosopher  anticipated  tbe  other  in  presenting  the  prompt  illus- 
tration that  if  the  rays  of  tbe  hydro-oxygen  microscope,  passed  through 
a  drop  of  water  containing  the  larvoi  of  a  gnat  and  other  objects  invis- 
ible to  the  naked  eye,  rendered  them  not  only  keenly  distinct,  but 
firmly  magnified  to  dimensions  of  many  feet,  so  coald  the  same  artificial 
light,  passed  through  the  faintest  focal  object  of  a  telescope,  both  dis- 
tinctify  (to  coin  a  new  word  for  an  estraordinary  occasion)  and  magnify 
its  feeblest  component  members." 

Here,  indeed,  was  a  discovery  fit  to  startle  the  world;  and  one  can 
not  be  surprised  that,  after  so  extraordinary  an  advance.  Sir  John 
Herschel  should  have  immediately  arranged  for  tbe  construction  of  an 
object  glass  24  feet  in  diameter.  Contributions  toward  this  important 
work  were  received  fh>m  many  royal  personages,  cnlminating  in  a  gift 
by  His  Majesty  the  King  of  some  £70,000,  which  was  considered  am)tle 
to  meet  all  expenses.  Many  difficulties  were  encountered  in  casting 
the  great  object  glass,  which  was  composed  of  "  an  amalgamation  of 
two  parts  of  the  best  crown  with  one  of  fiint  glass,  the  ase  of  which  in 
separate  lenses  constituted  the  great  achromatick  discovery  of  DoUond." 
Notwithstanding  tbe  prodigious  size  of  this  enormous  lens,  which 
weighed  I4,82C  pounds  after  being  polished,  and  whose  estimated  mag- 
nifying power  was  42,000  times.  Sir  John  was  not  satisfied,  t^ot  con- 
tent with  the  mere  illuminating  power  of  the  hydro-oxygen  microscope, 
"he  calculated  largely  upon  the  almost  illimitable  applicability  of  this 
instrument  as  a  second  magnifier  which  would  supersede  the  use  and 
infinitoly  transcend  the  powers  of  the  highest  magnifiers  and  reflecting 
telescopes."  Indeed,  so  certain  was  he  of  the  successful  appliciition  of 
this  idea  that  he  counted  upon  -'his  ultimate  ability  to  study  even  the 
entomology  of  the  moon  in  case  she  contained  insects  upon  her  surface." 

It  would  be  interesting,  if  time  permitted,  to  consider  with  our 
inspired  author  the  various  further  details  in  the  construction  of  a  tele- 
scope which  was  the  first  to  render  visible  tbe  inhabitants  of  tbe  moon. 
It  may  well  be  imagined  with  what  breathless  interest  the  report  of  Sir 
John's  extraordinary  discoveries,  which  constitutes  the  body  of  our 
pamphlet,  was  received  by  a  willing  public  "It  was  about  balf-past  9 
o'clock  on  tbe  night  of  tbe  10th,  tbe  moon  having  then  advanced  within 
four  days  of  her  mean  libration,  that  tbe  astronomer  adjusted  his  instru- 
ments for  the  inspection  of  her  eastern  jimb.    The  whole  immense  power 
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of  bis  telescope  was  applied,  and  to  its  focal  image  about  one-faalf  of  the 
power  of  hie  microscope.  On  removing  tiie  screen  of  the  latter,  the 
field  of  view  waa  covered  tbronghoat  its  entire  area  with  a  beautifal, 
distiBct,  and  even  vivid  represetitatioQ  of  basaltic  rock."  For  fnrther 
details  regarding  the  rock  and  the  lunar  flora  which  covered  it,  refer- 
ence mast  be  made  to  the  original  pamphlet.  There,  too,  can  be  found 
descriptionsof  deep  blue  oceans,  breaking  in  large  billows  apon  beaches 
of  brilliant  white  sand,  girt  with  wild  castellated  rocks.  Passing  inland, 
wide  tracts  of  country  of  apparently  volcanic  character  were  rapidly 
passed  over,  soon  bringing  to  the  observer's  eye  lofty  chains  of  slender 
pyramids  of  faint  lilac  hue,  which,  when  examined  with  the  bigbest 
power  of  the  instrument,  were  seen  to  be  monstrous  amethysts  reach- 
ing to  the  height  of  60  to  90  feet,  and  glowing  in  the  intense  light  of 
the  son.  It  must  not  be  supposed  that  such  delightfal  regions  were 
devoid  of  life.  Birds  and  beasts  of  strange  and  uncouth  form  were 
8O0D  brought  to  view,  and,  laat  and  greatest  marvel  of  all,  the  observer 
was  permitted  to  behold  beings  of  manlike  form.  Although  not  seen 
engaged  in  auy  work  of  industry  or  art,  they  were  evidently  of  a  high 
order  of  intelligence,  and  to  them  was  doubtless  <lue  a  magnificent 
temple,  built  of  polished  sapphire,  with  roof  of  yellow  gold.  The 
observer  did  not  at  the  moment  pause  to  search  out  the  mystery  sym- 
bolized in  the  unique  orchitectnral  details,  for  he  was  then  "  more  desir- 
ous of  collecting  the  greatest  possible  number  of  new  facts  than  of 
jodnlgingin  speculative  theories,  however  seductive  to  the  imagination." 

But  we  have  already  dwelt  too  long  upon  this  product  of  enterprising 
jonmalism,  which  poor  Sir  John  was  too  far  away  to  be  able  to  contra- 
dict. It  is  enough  to  remark  that  the  author  accomplished  his  immedi- 
ate purpose,  and  moreover  bequeathed  to  future  generations  a  classic 
in  this  special  field  of  literature. 

The  astronomer  of  to-day  is  unfortunately  exposed  to  similar  mis- 
representation. On  account  of  the  fact  that  it  is  a  little  larger  than 
any  other  refractor,  the  Yerkes  telescope  is  particularly  open  to  attack. 
Take,  for  example,  these  sentences  from  a  newspaper  which  would  not 
ordinarily  be  considered  as  one  of  tlie  sensational  class;  "After  Pro- 
fessor Barnard  had  swept  the  sky  in  the  region  of  the  nebuhe  he  pointed 
the  instrument  toward  a  region  located  to  the  astronomer  in  Pos.  312 
degrees;  Dist.  53  minutes.  He  swung  the  gtant  tube  toward  the  region, 
and  the  first  discovery  at  the  Yerkes  Observatory  was  registered  on  the 
dial  near  the  dome."  This  is  merely  the  newspai>er's  own  peculiar  way 
of  paraphrasing  a  simple  statement  in  the  AstrophystcalJournal  regard- 
ing the  detection  of  a  faint  star  near  Vega.  A  persistent  search  by  all 
the  members  of  the  staff  has  not  yet  brought  to  light  tlie  mysterious 
"dial  near  the  dome,"  with  its  precious  record  of  discovery.  It  seems 
probable  that  the  same  dial  must  have  treasured  up  the  remarkable 
observations  of  the  moon,  which  the  Associated  Press  thought  worthy 
of  transmission  to  Europe,  though  they  originated  in  a  reporter's  fertile 
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focus.  The  large  lens,  then,  has  ik  diiinieter  four  ttmeu  that  of  the  small 
oue,  which  means  that  its  area  is  sixteeu  timeft  as  great.  It  will  thus 
receive  upon  its  surface  from  a  given  star  sixteen  times  as  much  light, 
and  all  of  this  will  be  concentrated  in  the  point-like  image  of  the  star, 
except  that  portion  which  is  lost  in  transmission  through  the  lens.  On 
account  of  its  greater  thickness  the  large  len^  transmits  only  about  (io 
per  cent  of  the  visual  rays  that  foil  ou  it,  while  the  small  lens  trans- 
mits about  77  per  cent.  But  after  allowance  has  been  made  for  the  loss 
due  to  both  iib>:ori>tioa  and  reflection  it  is  found  that  the  image  of  a 
given  star  produ<;ed  by  the  large  telescope  will  be  uearly  fourtt.'en  times 
as  bright  as  that  given  by  the  small  one.  Ju  this  instance  all  of  the 
light  is  concentrated  in  a  point,  but  in  the  case  of  a  planet  or  other 
extended  object,  on  account  of  the  fact  that  the  focal  leiigth  of  the  tele- 
scopeincreases  as  its  aperture  increases,  the  brightness  of  the  image  is 
no  greater  with  the  large  glass  than  with  the  stnall  oue.  The  ima^'e  is, 
however,  four  times  as  large,  and  this  has  a  most  important  bearing 
upon  certain  classes  of  observations,  particularly  in  pbotograpliii;  and 
spectroscopic  work. 

There  remains  still  another  peculiarity  of  the  large  lens  as  distiu- 
gntshed  from  the  small  oue.  On  account  of  the  nature  of  light,  the 
iwwer  that  a  lens  possesses  of  separating  two  lamtuoua  points  which 
are  so  close  together  as  to  be  seen  as  a  single  object  by  the  unaided  eye 
dei>ends  directly  upon  its  aperture.  Thus,  if  we  consider  a  double  star 
the  two  components  of  which  are  separated  by  a  distance  of  OJt"  of  are, 
it  will  be  barely  possible  with  a  lOinch  telescope  to  resolve  the  star 
into  two  points  of  light  Just  touching  one  another.  If  the  members  of 
the  pair  are  closer  than  this,  they  can  uot  be  sejiarated  with  a  111  inch 
glass,  no  matter  whatinagnifying  power  is  used.  With  a  40  inch  tele- 
scope, on  the  other  hand,  it  is  not  only  a  simple  matter  U>  separate 
stars  0.5"  apart,  but  it  is  even  |)ossible  to  distinguish  as  two  points  of 
light  the  components  of  a  double  star  of  only  0.12"  separation. 

To  sum  up,  then,  we  see  that  the  principal  iidvautages  of  a  40-iuch 
object  glass  us  compared  with  one  of  10  inches  aperture  are,  lirst,  its 
power  of  giving  much  brighter  star  images,  and  thus  of  rendering 
visible  faint  stars  which  eau  not  be  seen  with  the  smaller  telescopes; 
second,  the  fact  tliat  it  gives  at  its  focus  an  image  of  any  object,  other 
than  a  star,  tour  times  as  large  as  the  image  given  by  a  lens  of  one- 
fonrth  its  aperture  and  focal  length ;  and,  third,  its  capacity  of  render- 
ing visible  as  separate  objects  the  coniponeuts  of  very  close  double 
stars  or  minute  nmrkings  u|ion  the  surface  of  a  planet  or  satellite. 
Mention  should  be  made  here  of  the  fact  that  the  large  {;lass  assuredly 
has  some  disadvantages  as  compared  with  the  smaJler  one,  particularly 
in  that  it  requires  better  atmospheric  conditions  to  bring  out  its  full 
qualities.  But  I  think  it  will  be  seen  from  what  follows  that  these  dis- 
advantages are  by  no  means  sufticient  to  offset  the  great  advantages 
possessed  by  the  larger  instrument.  Let  us  now  consider  what  practi- 
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cal  benefit  the  astrouomer  enjoys  from  tbe  Bpecial  properties  of  large 
lenses  whicli  have  just  been  enamerated. 

Like  other  scieutiflc  men,  astronomers  who  expect  to  accomplish 
mncb  of  importance  at  tbe  preseiit  day  find  it  necessary  to  specialize, 
and  to  devote  their  attention  to  certain  classes  of  work  in  which  long 
study  and  experience  have  given  them  particnlar  skill.  Thns  it  is  that 
to  some  astronomers  certain  of  the  advantages  of  a  large  telescoi>e 
appeal  macb  more  strongly  than  do  others.  In  fact,  in  order  to  derive 
the  best  results  from  the  use  of  the  instrument  it  is  necessary  to  have 
observations  made  with  it  by  men  who  are  capable  of  bringing  out  its 
best  qualities  in  various  kinds  of  iuvestigation.  Thus  tbe  first-men- 
tioned proi>erty  of  rendering  visible  faint  objects  should  be  utilized  by 
an  astronomer  who  has  gained  much  experience  in  searching  for  and 
measuring  objects  at  the  very  limit  of  vision.  One  who  has  not  given 
special  attention  to  this  class  of  work  would  be  surprised  to  see  in  a 
large  telescope  certain  of  the  faint  stars  or  satellites  of  whose  discov- 
ery he  may  have  read.  When  the  fifth  satellite  of  Jupiter  was  discov- 
ered at  the  Lick  Observatory  by  Professor  Barnard,  in  1892,  claims 
were  put  forward  by  certain  amateur  astronomers  who  possessed  small 
telescopes  that  they  themselves  were  entitled  to  the  honor  of  the  dis- 
covery, for  they  had  seen  the  satellite  long  before.  Such  claims  might 
bo  taken  in  earnest  by  one  unfamiliar  with  the  instruments  employed 
by  the  respective  observers.  But  it  is  only  necessary  to  examine  this 
minute  object  with  a  36-inch  or  a  40-inch  telescope  in  order  to  appre- 
ciate the  great  merit  of  the  discovery  and  the  absurdity  of  such  claims 
as  have  been  mentioned.  The  tiny  satellite  is  so  faint  that  hitherto  it 
has  been  seen  with  very  few  telescopes,  all  of  them  having  large  aper- 
tures. In  its  rapid  motion  close  to  the  surface  of  the  great  planet  it  is 
completely  invisible  to  an  eye  unprotected  from  the  brilliant  light  of 
Jupiter.  Kven  the  close  approach  of  one  of  the  other  satellites  is  suf- 
ficient to  cause  it  to  disappear.  In  measuring  the  satellite  Professor 
Barnard  finds  it  necessary  to  reduce  the  light  of  Jupiter  with  a  piece 
of  smoked  nitca,  through  which  the  planet  is  still  clearly  visible  and 
easily  measurable,  though  not  annoying  to  the  eye.  Without  an 
instrument  like  the  Lick  telescope  the  fifth  satellite  of  Jupiter  would 
never  have  been  known,  it  may  be  interesting  to  mention  here  that 
Professor  Barnard's  recent  measures  of  this  sat«l1ite  with  the  Yerkes 
telescope  have  shown  that  his  original  determination  of  the  time  of  its 
revolution  in  its  orbit,  made  five  years  ago  at  Mount  Hamilton,  was  not 
in  error  more  than  0.113  second.  It  was  found  that  the  time  of  elongiL- 
tion  differed  less  than  half  a  minute  from  the  time  predicted  in  the 
Nautical  Almanac.  The  period  is  now  known  within  a  few  thousandths 
of  a  second.  In  this  connection,  also,  it  is  well  to  add  that  Prof.  Asaph 
Hall's  discovery  in  1877  of  the  two  small  satellites  of  Mars  was  directly 
due  to  the  advantage  given  him  by  the  large  aperture  of  the  26-inch 
telescope  at  the  United  States  Naval  Observatory. 
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Such  small  members  of  tbe  solar  system  are  by  uo  means  the  only 
feebly  liiminons  objects  which  great  telescopes  have  brought  to  light. 
Faint  stars  in  the  close  proximity  of  bright  ones  are  usually  beyond 
tbe  reach  of  small  telescopes.  Thus  the  companion  of  Sirins  was  not 
seen  until  18G2,  when  the  late  Alvan  G.  Clark  encountered  it  in  his 
tests  of  the  18-incli  objective  now  at  the  Dearborn  Observatory,  which 
was  the  largest  glass  that  had  been  constructed  up  to  that  time.  Tbe 
small  companion  to  Procyon,  discovered  not  long  ago  by  Professor 
Schaeberle  with  the  Lick  telescope,  is  another  object  of  the  same  type. 
These  are  conspicuons  examples  of  that  great  class  of  objects  known 
as  double  stars,  which  consist  of  two  stars  revolving  about  their  com- 
mou  center  of  gravity.  From  tbe  third  a<l  vantage  of  larj^e  instruments, 
to  which  reference  has  already  been  made,  it  will  be  seen  that  they  are 
pecnliarly  adapted  for  the  investigation  of  these  binary  systems,  not 
only  because  of  their  power  to  show  faint  objects  in  the  neighborhood 
of  brighter  ones,  bat  also  on  account  of  their  capacity  to  separate  two 
closely  adjacent  stars  which  in  a  smaller  instrument  would  bo  seen  as 
one.  Thanks  to  this  property,  many  interesting  binary  systems  whose 
components  are  exceedingly  close  together  have  been  found  by  Pro- 
fesiior  Burnham  with  the  Lick  telescope,  aod,  altliongh  be  has  devoted 
no  special  attention  to  a  search  for  such  objects,  Professor  Barnard  has 
already  encountered  several  of  them  in  his  work  with  tbe  Yerkes 
refractor.  From  what  tbe  spectroscope  has  taught  na  of  binary  sys- 
tems, we  have  every  reason  to  believe  that  telesco|>es  may  go  on 
Increasing  in  aperture  almost  indefinitely  withont  ever  arriving  at  the 
possibility  of  separating  into  their  component  parts  all  existing  double 
stars.  As  has  been  staled,  the  Yerkes  telescope  can  show  as  distinct 
objects  stars  which  are  no  farther  apart  than  0.12"  of  arc,  and  on 
account  of  the  elongation  of  the  image  a  double  star  whose  compo- 
nents are  only  0.1"  apart  can  be  distinguished  from  a  single  star.  But 
there  undoubtedly  exist  stars  far  closer  together  than  this,  some  of 
which  can  be  separated  by  an  aperture  of  not  less  than  40  feet 

There  has  been  much  discussion  in  receut  years  regarding  the  rela- 
tive advantage  of  large  and  small  telescopes  for  observations  of  the 
markings  on  planets.  I  do  not  propose  to  enter  into  the  details  of  this 
discussion,  partly  because  my  own  investigations  are  primarily  con- 
cerned with  observiitions  of  another  nature,  and  thus  have  not  espe- 
cially qualified  me  to  form  an  opinion  on  this  point,  and  partly  on 
account  of  tbe  fact  that  additional  arguments  in  favor  of  large  instru- 
ments would  serve  little  purpose.  It  seems  to  me  only  necessary  for  an 
nuprejudiced  person  to  examine  a  planet  first  with  a  small  telescope  of 
from  .'>  to  15  inches  aperture,  and  then  to  look  at  the  same  object  with 
an  instrument  of  36  or  40  inches  aperture,  under  identical  atmospheric 
conditions.  When  the  seeing  is  distinctly  bad,  that  is,  when  tbe 
atmosphere  is  iu  so  disturbed  a  state  that  the  jmages  are  btarred  and 
unsteady,  the  smaller  instrument  will  assuredly  sbow  all  that  can  bQ 
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Been  witli  the  larger  one.  Bat  with  better  atmospberic  couditions,  to 
my  eye  at  least,  the  advantage  lies  wbolly  on  the  side  of  the  larger 
io-strument,  whether  the  object  be  the  moon,  Jupiter,  Mars,  or  Saturn. 
In  the  case  of  the  moon  particularly,  much  fine  detiiil  which  1  have 
never  been  able  to  see  with  the  12-ineh  telescope  is  clearly  and  beauti- 
fully visible  with  the  40-inch.  I  am  certainly  inclined  to  think  that 
large  telescopes  arc  greatly  to  be  preferred  to  small  ones  for  work  of 
this  character.  Bnt  1  give  much  less  weight  to  inyownopiuiouon  this 
subject  than  to  that  of  Professor  Barnard,  who  for  many  years  has 
observed  the  planets  with  in.struments  varying  in  size  from  a  5-incli 
telescope  to  the  36-iuch  ou  Mount  Hamilton,  aud  the  40-inch  of  the 
Yerkes  Observatory,  lie  believes  a  large  aperture  to  be  immeasurably 
superior  to  a  small  one  for  these  observations.  This  seems  to  me  quite 
sufficient  to  settle  the  inestion,  for  it  would  be  difficult  to  name  a  bet- 
ter authority. 

One  incidental  advantage  of  such  an  instrument  as  the  40'Iuuh  tele- 
scope, which  depends  to  a  great  degree  upon  the  stability  of  its  mount- 
iug,  is  the  ease  aud  certainty  with  which  niicrometriral  measures  can 
be  effected.  Bince  the  telescope  was  first  ready  for  regular  use  last 
September,  Professor  Barnard  has  made  with  it  a  long  series  of  micro- 
metrical  me-iisnres,  which  have  included  such  objects  as  the  satellite  of 
Neptune,  th?  companion  to  I'rocyon,  aud  the  liltb  satellite  of  Jupiter, 
The  precision  of  these  measures  is  most  satisfactory,  and  lends  special 
interest  to  an  attempt  which  he  has  ma<le  to  determirte  the  parallax  of 
the  nebula  N.  G.  0.  404,  which  is  in  the  field  with  the  bright  star  fi 
Andromedie.  This  object  has  a  definite  condensation,  which  i>ermits 
its  position  to  be  accurately  determined  with  reference  to  a  number  of 
stars  in  the  neighborhood.  A  long  series  of  measures,  covering  a  jieriod 
of  five  months,  have  led  to  the  conclusion  that  the  nebula  can  not  |>os- 
sess  a  pariillax  as  great  as  hiilf  a  second  of  ai-c,  and,  therefore,  can  not 
be  nearer  the  earth  than  abont  fonr  hundred  thousand  times  the  distance 
fnim  the  earth  to  the  sun. 

Mention  should  he  made  of  one  more  interesting  observation  by  Pro- 
fessor Barnard,  which  would  have  been  much  more  difficult  with  a  small 
telescope.  It  will  be  remembered  that  in  the  valuable  work  which  Pro- 
fessor Bailey  has  been  doing  at  the  station  of  the  Harvard  College 
Observatory  in  Arequii)a,  Peru,  excellent  photographs  were  obtained 
of  southern  star  clusters,  which  show  that  these  clusters  contain  an 
extraordinary  number  of  variable  stars,  JTot  only  do  scores  of  stars  in 
a  single  cluster  vary  in  their  light,  but  the  change  Is  exceedingly  rapid, 
occupying  in  some  instances  only  a  fow  hours.  So  far  as  I  know,  jkuh^ 
of  these  remarkable  variations  had  been  seen  visually  until  Professor 
Barnard  undertook  the  systematic  observation  of  one  of  the  clusters 
with  the  40-inch  teIesco|)e.  On  account  of  the  large  scale  of  the  images, 
he  is  able  to  distinctly  see  stars  iti  the  cluster  without  coufustug  them 
with  others  in  their  neighborhood,  and  has  thus  been  enabled  to  follow 
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their  cbanges  in  briglitiiess.  In  tliifi  w;iy  lie  lias  couflrmed  llie  v:iria- 
bility  of  many  of  the  stars  on  Mr.  Bailey's  pliotograpbs.  Tbere  are  few 
more  remarkable  objects  iu  thn  beaveiis  than  these  magaificent  star 
clusters,  so  many  members  of  which  are  subject  to  fluctuation  in  their 
light.  Professor  Bailey's  discovery  is  the  more  noteworthy  considering 
the  fact  that  such  an  object  as  the  great  clnater  in  Hercules  contains 
not  more  than  two  or  three  variable  stars,  while  the  Harvard  plates 
show  that  the  cluster  Messier  3  contains  132  variables.  This  is  only 
one  instance  out  of  many  of  the  striking  efficiency  of  the  photographic 
work  which  is  being  carried  on  under  Professor  Pickering's  able 
direction. 

It  may  be  well  to  introduce  here  a  few  words  regarding  the  niagnify- 
ing  powers  employed  in  actual  observations.  The  optimistic  writer 
who  is  plauniug  to  photograph  houses  on  Mars  believes  that  his  recent 
invention  will  render  possible  the  use  of  iiowers  as  high  as  a  million 
diameters,  and  even  greater,  so  that  if  men  exist  upon  the  planets  they 
can  easily  be  seen.  Astronomers  know  nothing  of  such  powers  iu 
practice.  For  double-star  observations,  with  the  largest  telescope  and 
under  the  most  perfect  conditions,  powers  as  high  as  3,700  diameters 
have  occasionally  been  used.  But  iu  regular  work  it  is  not  a  common 
thing  to  exceed  2,700  diameters.  Under  very  exceptional  circum- 
stances the  moon  might  perhaps  be  well  seen  when  magnified  2,000 
diameters,  but  this  would  be  an  extreme  case,  and  in  general  a  much 
better  view  could  be  had  with  powers  ranging  from  500  to  1,000. 
Jupit«r  can  rarely  be  well  seen  with  a  iK>wer  greater  than  four  or  five 
hundred,  though  Saturn  will  stand  considerably  higher  magnification. 
Mars  is  best  seen  with  a  power  of  five  or  six  hundred.  With  small 
telewcopcH  lower  powers  are  generally  used.  The  difficulty  is  not  in 
finding  optical  means  to  increase  the  magnification,  as  some  of  these 
newspaper  writers  seem  to  imagine.  It  is  rather  a  question  of  being 
able  to  see  anything  but  a  confused  luminous  object  after  the  high  eye- 
pieces bad  been  applied.  The  more  or  less  disturbed  condition  of  the 
earth's  atmosphere  is  mainly  res])onsib]e  for  this,  but  it  is  doubtful 
whether,  with  even  perfect  conditions,  such  an  object  as  Jupit«r  could 
be  advantageously  submitted  to  great  magnification. 

During  the  present  century  there  has  grown  up  side  by  side  with 
astronomy,  to  which  it  in  fact  owes  its  existence,  the  new  science  of 
astrophysics.  In  a  broad  sense  this  science  may  projierly  be  classed 
as  a  department  of  astronomy,  but  at  the  present  time  its  interests  are 
so  manifold,  its  methods  so  distinct,  and  its  relationship  to  pure 
physics  so  pronounced,  that  it  may  fairly  claim  to  be  considered  by 
itself  as  a  coordinate  branch  of  science.  While  astronomy  deals  more 
especially  with  the  positions  and  motions  of  the  heavenly  bodies,  it  is 
the  province  of  astropliyaics  to  inijuire  into  their  nature  and  to  search 
out  the  causes  for  the  peculiar  celestial  phenomena  which  the  special 
instruments  at  the  disposal  of  tlie  astrophysicist  bring  to  light.    It 
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should  be  added  that  no  bard  and  fast  line  cau  be  drawn  between 
astronomy  and  astrophysics,  as  one  of  the  principal  problems  of  the 
latter  subject  involves  just  such  determiuatious  of  motion  as  are  par- 
ticularly to  be  desired  for  the  purposes  of  the  astronomy  of  position. 
The  subjects  are  thus  intimately  related  and  closely  bound  together, 
and  the  bond  between  astropliysics  and  physics  is  hardly  less  strong. 
They  should  thus  be  cultivated  together,  so  that  they  may  mutnalty 
assist  one  another  in  bringing  about  the  solution  of  the  varied  problems 
with  which  they  are  concerned. 

It  is  particularly  in  astrophysical  research  that  a  great  telescope  is 
advantageous.  For  the  principal  instrument  of  the  astrophysicist,  the 
spectroscope,  it  is  necessary  to  have  as  much  light  as  can  be  gathered 
into  a  single  point.  With  sufficient  light  the  chemical  analysis  of  the 
most  distant  star  resolves  itself  into  a  comparatively  simple  problem. 
But  with  small  telescopes,  and  consequently  faint  star  images,  such 
analysis,  except  of  a  roughly  approximate  character,  is  impossible  with 
the  less  brilliant  stars. 

Que  of  the  principal  problems  of  the  astrophysicist  is  to  determine 
the  course  of  celestial  evolution.  It  ha8l)eeu  found  that  the  siiectraof 
stars  are  susceptible  of  classification  in  a  few  well-defined  types,  which 
seem  to  correspond  with  different  periods  in  stellar  development. 
Starting  from  the  great  cloudlike  masses  of  the  nebuhp,  it  is  supposed 
that  stars  begin  to  form  in  regious  of  condensation,  and  that  the  great 
masses  of  gas  and  vapor  continue  to  contract  under  the  action  of  gravi- 
tation, meanwhile  radiating  heat  into  sjiace.  It  is  known  from  theo- 
retical investigatioQS  that  such  cooling  gaseontt  masses  not  only  con- 
tinue to  grow  smaller;  they  also  rise  in  temperature  with  the  advance 
of  time.  Finally  a  certain  point  in  their  career  is  reached  when  the  rise 
in  temperature  ceases,  though  the  contraction  of  the  mass  is  not 
arrested.  The  balls  of  condensingvapors  continue  to  coul,  losing  more 
and  more  beat,  and  becoming  smaller  and  smaller  in  diameter.  It  is 
perhaps  at  about  this  periotl  iu  their  history  that  they  pass  through 
such  a  stage  as  is  now  exemplified  by  the  sun,  which  has  presumably 
cooled  from  the  condition  of  a  white  star  like  Sirius  to  that  of  a  star  of 
the  second  or  yellow  class.  The  spectra  of  such  hot  stars  as  Sirius  con- 
tain little  more  than  dark  aud  exceedingly  broad  lines,  grouped  iu  rhyth- 
mical order  aud  due  to  the  gas  hydrogen.  As  these  bodies  continue  to 
cool,  the  strong  lines  of  hydrogen  become  less  prominent,  iind  lines  due 
to  metalUc  substances  begin  to  appear.  These  become  more  and  more 
striking,  until  finally  we  reach  such  a  type  of  spectrum  as  that  of 
Procyon,  which  is  intermediate  in  character  between  the  Sirian  and  the 
solar  stars.  From  this  point  on  we  find  a  continual  approach  to  the 
solar  type,  until  at  last  stars  are  reached  whose  s]>ectra  agree  line  for 
line  with  that  of  the  sun.  After  passing  through  the  condition  of 
the  central  body  of  the  solar  system,  the  yellow  aud  orange  color  of 
the  stars  becomes  more  pronounced,  and  subseqaeotly  a  reddish  tinge 
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appears,  iiatil  finally  stare  of  a  deep  red  color  are  found,  which  seem  to 
mark  the  last  stage  of  developmeDt  before  complete  extinctioa  of  light. 
Throagh  a  part  of  this  liDe  of  evolution  it  is  easy  to  trace  the  chaoges 
iu  stellar  spectra,  the  solar  liDes  still  continuing  to  be  present,  and 
Baperposed  apon  them  a  remarkable  aeries  of  llutings  which  are  charac- 
teristic of  these  reddish  stars  of  the  third  class.  But  between  such 
stars  and  those  of  the  class  which  Vogel  has  designated  as  Illb  there 
seems  to  be  a  break  in  the  evolatiouary  chain. 

Stars  of  Class  Illb  are  of  an  orange  or  red  color,  and  with  the  tele- 
scope alone  some  of  them  can  not  be  distinguished  in  appearance  from 
the  more  folly  developed  stars  of  Class  Ilia.  But  in  the  spectroscojw 
they  are  entirely  diS^rent.  All  of  these  objects  are  extremely  faint, 
the  two  brightest  of  them  being  hardly  visible  to  the  naked  eye.  For 
this  reason  but  little  has  been  learned  of  their  spectra,  although  the 
spectra  of  stars  like  Vega  and  Arclurus,  wliich  are  some  scores  of  times 
more  brilliant,  have  been  carefully  investigated  by  both  visual  and 
photographic  means.  According  to  Buner  and  others,  the  spectrum  of 
the  star  known  as  1S2  Schjellernp  consists  of  certain  heavy,  dark  bands, 
which  coincide  closely  in  position  with  bands  given  by  compounds  of 
carbon,  and,  in  a<lditiou  to  these,  a  luminous  zone  in  the  orange  portion 
of  the  spectrum.  Three  or  four  of  the  most  intense  solar  lines  have 
also  been  detected  iu  these  objects.  But  beyond  this  it  is  impossible  to 
go  with  the  appliances  used  in  the  earlier  investigations,  although  it 
may  well  be  that  photographic  methods  would  have  greatly  changed 
the  character  of  the  results  obtained. 

During  the  past  winter  a  photographic  study  of  the  red  8tar«  has 
been  rendered  possible  by  the  40-incli  Yerkes  telescope.  Photographs 
of  the  spectra  of  many  objects  of  this  class  have  now  been  obtained, 
and  many  lines  which  were  not  previously  recognized  on  account  of  the 
faintness  of  the  spectrum  in  small  telescopes  have  been  recorded.  Id 
thecaseof  two  stars  of  Class  Illb,  132  and  l'>1i  Schjellerup,  the  spectra 
have  been  photographed  with  a  powerful  spectrograph  containing  three 
prisms,  giving  high  dispersion  and  considerable  precision  to  the  meas- 
ures. It  has  been  found  that  among  the  most  characteristic  features  of 
these  s[)ectra  are  numerous  bright  lines,  some  of  which  seem  to  have 
been  glimpsed  by  Secchi  in  his  pioneer  work  at  the  Collegio  Komauo, 
though  his  drawings  do  not  correctly  represent  their  appearance  or  posi- 
tion. In  fact,  he  recorded  bright  lines  where  none  exist,  and  failed  to 
record  others,  among  which  are  the  brightest  in  the  spectra.  Both 
Dun^r  and  Vogel,  who  are  certainly  to  be  regarded  as  the  best  authori- 
ties on  the  subject,  altogether  deny  the  presence  of  bright  lines.  And 
had  my  own  observations  been  confined  to  an  examination  of  the  spectra 
with  the  instruments  used  by  these  observers  I  worild  unhesitatingly 
subscribe  to  their  opinion.  But  the  great  light-collecting  iM>wer  of  the 
40-inch  telescope  renders  the  detection  of  the  bright  lines  a  compara- 
tively easy  matter.    Even  with  this  instrument,  visual  observations  with 
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tlic  low-dispersion  spectrosuopes  used  by  Duii6r  and  Vogel  woald  hardly 
sliow  ttiem,  but  tbey  are  easily  seen  with  a  tlireeprism  spectroscope, 
aud  they  have  been  repeatedly  pliotograplied  witb  one  and  with  three 
prisms.  Some  of  these  photographs  have  been  ineasared  and  tliewave 
len^hs  of  tbe  bright  and  dark  lines  determined.  A  comparison  of  the 
results  with  those  obtained  for  other  types  of  stellar  spectra  snggests 
certain  interesting  relationships,  which,  if  confirmed  by  sabsequent 
work,  will  be  of  service  in  tracing  the  course  of  stellar  evolution. 

This  is  only  a  single  instanc-e  of  the  advantage  for  stellar  siwctro- 
scopic  work  of  the  great  light-collecting  l>ower  of  large  telescopes, 
bat  it  would  be  easy  to  multiply  examples.  Our  knowledge  of  the 
peculiar  spectra  of  the  stars  of  the  Wolf-Rayet  class,  all  of  which  are 
found  in  the  Milky  Way  or  its  branches,  is  due  in  large  part  to  the 
visual  and  photographic  study  of  these  faii>t  objects  made  by  Pro- 
feesor  Campbell  with  the  Lick  telescojte.  In  the  able  bauds  of  Profes- 
sor Keeler,  whose  recent  electiou  to  the  directorship  of  the  Lick 
Observatory  is  so  truly  a  cause  for  congratulation,  the  same  powerful 
instrument  rendered  possible  the  determination  of  the  motion  in  the 
line  of  sight  of  the  planetary  nebulft.  We  may  well  be  confident  that 
the  futiii-e  record  of  the  great  telescoi^  ou  Mount  llamiltoii  will  be 
marked  by  mauy  similar  advances. 

I  might  profitably  go  on  to  speak  of  the  advantages  of  large  tele- 
scopes for  the  study  of  the  sun,  for  iu  uo  field  of  research  cau  they  be 
better  employed.  In  photographing  the  solar  faculie  with  the  spectro- 
heliograph  the  large  image  given  by  a  great  telescoi)e  is  particularly 
useful  for  purposes  of  measuiemeut,  as  well  as  for  the  study  of  the  form 
.  and  distribution  of  these  phenomena.  Promiueuces,  too,  whether  of 
the  quies(-ent  or  eruptive  class,  are  best  photographed  on  a  large  scale. 
With  a  large  image  it  may  also  become  possible,  under  good  atmos- 
pheric conditions,  to  photograph  some  of  the  delicate  details  iu  the 
chromosphere,  which,  with  a  small  solar  image,  would  be  wholly  beyond 
the  reach  of  the  i)hotographic  method.  It  is  probably  in  the  study  of 
the  spectrum  of  the  chromosphere,  however,  that  one  best  perceives 
the  advantage  of  a  largo  instrument  as  compared  with  a  small  one. 
Eeceut  experience  has  made  this  very  clearly  evident,  for  with  the 
40-inch  Yerke.stelescoi>e  it  has  been  possible  toseeiu  thechromospheric 
spectrum  a  great  number  of  faint  bright  lines  which  were  wholly  beyond 
the  reach  of  the  12-iuch  telescope  used  in  my  previous  investigations. 
In  this  way  it  has  been  found  that  carbon  vapor  exists  in  the  vaporous 
sea  which  covers  the  brilliant  surface  of  the  photosphere. 

It  will  be  admitted,  I  think,  from  what  has  been  said,  that  great  tel- 
escopes really  have  a  mission  to  perform.  While,  on  the  one  hand,  they 
are  not  endowed  with  the  almost  miraculous  gifts  which  imaginative 
persons  would  place  to  their  credit,  they  do  possess  properties  which 
render  them  much  superior  to  smaller  instruments  and  well  worth 
all  the  expenditure  their  construction  has  involved.     In  answering  the 
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qaesttori,  "Do  large  telescopes  payl"  it  is  simply  a  matter  of  deter- 
miniog  whether  the  work  which  can  Dot  be  done  without  the  aid  of  such 
telescopes  is  really  worth  doing.  No  onewlio  Is  familiar  with  this  work 
is  likely  to  deny  that  it  is  worth  all  the  mooey  and  time  and  labor  that 
can  be  devoted  to  it.  I  therefore  confidently  believe  that  the  generous 
benefactions  whicii  during  the  last  quarter  century  have  permitted  the 
erection  of  large  telescopes  in  various  parts  of  the  world  have  been 
wisely  directed,  and  that  further  sums  might  well  be  expended,  partic- 
ularly in  the  Southern  Hemisphere,  in  the  eatablishmeDt  of  still  more 
powerfal  instruments. 
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THE  LE  SAGE  THEORY  OF  (iBAVITATIOlir. 

LTTanBlntion  hj  C.  G.  Abbot,  with  introductory  not«  b;  S.  P.  Lanolbt.] 

INTEODnOTIOM. 

Le  Sage's  paper  is  one  much  ofteiier  referred  to  tbao  directly  quoted 
from  or  read,  and  tbis  is  partly  becaase  the  origiual  is  very  little, 
known,  altliougb  it  is  in  no  more  obacare  a  place  tlian  the  Memoirs  of 
the  Berlin  Academy,  prioted  ia  the  year  1684. 

Le  Sage  appears  to  have  been  one  of  the  academicians  who,  though 
in  the  capital  of  Prussia,  were  boaud  to  write  French  of  any  sort  rather 
than  German,  and  it  is  only  fair  to  the  present  translator  to  say  that 
certain  passages  of  the  original  bold  the  meaning  of  the  antbor  so 
securely  hidden  that  it  is  doubtful  if  anyone  could  render  them  into 
English  with  entire  confidence  that  their  whole  meaning  had  been 
grasped.  Whatever  tbe  original  obscurity,  however,  the  translation,  I 
believe,  means  something  definite  and,  I  hope,  true. 


ERRATUM  SLIP,  SMITHSONIAN  REPORT,  1898. 

Page  139,  for  1684  read  1784. 

Page  141 ,  for  lfi82  read  1782;  for  MDCLXXXI I  and  MDCLXXXl V 
read  MDCCLXXXII  and  MDCCLXXXIV. 


cleared  up,  at  least  rendered  less  formidable  by  the  advance  of  modem 
knowledge,  which  is  on  the  whole  clearly  making  more  for  tbe  hypoth- 
esis than  against,  if  we  put  it  in  tbe  form  in  which  Le  Sage  would 
doubtless  put  it  were  be  living  now. 

Thus  the  objection  of  tbe  hypothesis  of  countless  atoms  coming  from 
and  going  to  infinity,  to  the  dissipation  of  their  kinetic  energy  into 
heat  upon  impact  with  solids — this  latter  class  of  objecttoas  seems  to 
have  been  very  generally  met  in  recent  years.    Thus  it  has  been  made 
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ITnuiBlatlon  by  C.  G.  Aobor,  wltb  introductory  note  by  S.  P.  Lanolky.] 

INTRODUOTIOM. 

Le  Sage's  pai>er  is  one  macb  oftener  referred  to  than  directly  qaoted 
from  or  read,  and  this  is  partly  because  the  original  is  very  little 
known,  although  it  is  in  no  more  obacnre  a  place  tban  the  Memoirs  of 
the  Berlin  Academy,  printed  in  the  year  1684. 

Le  Sage  appears  to  have  been  one  of  the  academicians  who,  though 
in  the  capital  of  Frassia,  were  bonnd  to  write  French  of  any  sort  rather 
than  German,  and  it  is  only  fair  to  the  present  translator  to  say  that 
certain  passages  of  the  original  bold  the  meaning  of  the  author  so 
securely  hidden  that  it  is  donbtfal  if  anyone  could  render  them  into 
English  with  entire  confidence  that  their  whole  meaning  had  been 
grasped.  Whatever  the  original  obscurity,  however,  the  translation,  I 
believe,  means  something  detlnite  and,  I  hope,  true. 

The  reader  will  recall  that  at  the  time  when  Le  Sage  wrote,  the 
corpnscular  theory  of  light  was  nniversally  accepted,  the  Jaws  of  the 
conservation  of  energy  and  of  matter  were  as  yet  unknown,  and  the 
kinetic  theory  of  gases  was  quite  beyond  the  scieotiflc  horizon.  Ueace 
it  is  a  matter  for  surprise,  not  that  Le  Sage  introduces  in  explanation 
of  the  difficulties  met  with  hypotheses  now  in  a  form  appearing  some- 
what crude,  though  doubtless  still  conceivable,  bnt  rather  that  hia 
statement  requires  so  little  modification  to  fit  it  to  the  thought  of  the 
present  day. 

Some  of  the  great  objections  made  to  Le  Sage's  theory,  such  as  the 
supposed  impossibility  of  this  shower  of  his  atoms  acting  with  equal 
efl'ect  in  the  interior  of  the  densest  bodies  as  on  the  surface,  are  made 
in  probable  ignorance  of  how  entirely  satisfactory  the  hypothesis  of  the 
author  is  in  this  respect;  I  mean  so  far  as  the  use  of  the  mathematical 
infinity  can  render  it  bo;  while  other  difficulties  have  been,  if  not 
t'l<>ared  up,  at  least  rendered  less  formidable  by  the  advance  of  modem 
knowledge,  which  is  on  the  whole  clearly  making  more  for  the  hypoth- 
esis than  against,  if  we  put  it  in  the  form  in  which  Le  Sage  would 
doubtless  put  it  were  he  living  now. 

Thus  the  objection  of  the  hypothesis  of  countless  atoms  coming  from 
and  going  to  infinity,  to  the  dissipation  of  their  kinetic  energy  into 
heat  upon  impact  with  solids — this  latter  class  of  objections  seems  to 
have  been  very  generally  met  in  recent  years.     Thus  it  has  been  made 
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evident  tbat  tlie  particles  in  queijtioii  could  vibrate  in  long  closed  paths 
witb  tbe  same  effect  as  if  tbey  came  in  from  outer  spaee  and  retamed 
to  it  itistraigbtliues,  as  tbe  autbor  originally  supposed;  and  as  to  tbeir 
infiuitesimal  smalluess,  oar  purely  physical  conceptions  of  space  and 
even  of  time  are  not  only  still,  as  is  well  known,  relative,  but  have 
received  a  curious  extension  since  Le  iSage  wrote,  ko  that  our  limit  of 
tbe  pbysii-ally  infinitesimal  has  been  pushed  farther  back  by  studies 
into  tbe  nature  of  tbe  molecule  and  tbe  atom  until  we  bave  before 
us  actual  things  of  an  order  of  magnitude  incomparably  below  anything 
known  to  the  physicists  of  our  author's  time. 

On  tbe  whole,  then,  tbe  tenor  of  modern  thought  goes  in  tbe  direc- 
tion in  which  we  are  leil  by  this  theory,  if  by  that  we  understand  it, 
not  in  its  first  crude  euunciatinus,  but  with  tbe  modifications  which 
can  now  be  legitimately  associated  with  it,  and  which  tend  to  make  it 
both  more  suggestive  and  to  maintain  a  continued  interest  in  it — an 
interest  which  seems  to  justify  the  present  publication  of  a  paper  witb 
which  so  few  are  familiar  at  first  hand. 

a.  P.  Langley. 
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7   M.    LK   l^AGE. 


[Rua<l  by  M.  I'revmt  at  .1  meeting  of  the  Rurliu  Arkili'lny  iu  1682.] 

"  In  all  branchee  uf  kDOHleil)^e  the  carlieat  systems  are  too  limited,  too  narrow, 
too  timid ;  aud  it  wonld  i^ven  seeiii  that  the  prize  of  truth  is  only  won  liy  u  certain 
audacity  of  reaaon." — Foatenelle,  in  eulogy  of  Caasini. 

TBB   AIM  OF  THIS  MEMOIE. 

I  propose  to  show  tliat  if  the  earliest*  Epicureaua  had  possessed  as 
just  ideas  oti  cosmof^rapliy  as  those  of  several  of  their  coiitein^Kiraries, 
which  they  neglected,  aod  but  a  portion  of  the  knowledge  of  geometry 
which  had  then  beeti  attained,  they  would  io  all  probability  have  easily 
discovered  the  laws  of  universal  gravitation  and  its  meohanical  cause. 
Laws,  whose  discovery  and  demonstration  are  the  greatest  glory  of  the 
mightiest  genius  that  has  ever  lived;  and  cause,  whose  cotuprehensiou 
has  long  been  the  object  of  ambition  of  the  greatest  physicists,  and  is 
now  the  stumbling  block  of  their  successors.  Such  things,  for  example, 
aa  the  famous  Kepler's  laws — discovered  scarcely  two  centuries  ago,  aud 
founded  in  part  upon  gratuitous  conjectures  and  in  part  upon  tedious 
gropings — would  have  been  nothing  but  special  inevitable  corollaries  of 
the  general  knowledge  which  the  ancient  philosophers  could  easily  draw 
from  nature's  own  mechanism.  This  conclusion  is  entirely  applicable 
to  (iaiileo's  laws  on  falling  bodies,  whose  discovery  has  been  still  slower 
aud  more  contested.  Moreover,  the  experiments  by  which  this  discovery 
was  established  were  so  crude  that  they  left  the  way  open  to  interpre- 
tations which  rendered  them  equally  compatible  with  several  other 
hypotheses,^  which  were  in  fact  urged  against  bim.    On  the  other  hand, 

'Translated  by  C.  G.  Abbot  f^otn  Noaveaiix  M^moires  de  L'Acadi'inie  Koyale  des 
Sciences  et  Belles -Lettres.  Anni<e,  MDCLXXXII.  A  Berlin,  MDCLXXXIV,  pp. 
404-427. 

-I  Hay  only  the  earliest;  for  after  a  system  has  Burvlved  several  oenturics  it  leads 
iniHi  to  the  one  or  the  otlu-r  of  two  extremes.  Some  reject  everything  pertnining  t« 
the  systom  dind sinfully,  while  others,  on  the  contrary,  embrace  revareutly  all  its 
traditious,  without  offerlnt;  to  make  tfau  least  correction.  It  is  this  latter  faction 
who  have  adopted  the  atoms  of  Epicuras,  Lncrotina,  Gassendi,  and  all  the  intervening 
Epirureans.     -     •     ' 

^One  of  these  hypotheses  was  that  the  total  time  being  as  the  arc  of  a  certain 
cirole,  tliu  total  distance  fallen  through  wae  as  the  versed  sine  of  this  arc.  Now  if 
the  magnitude  of  this  circle  had  lioun  better  chosen,  I  do  not  see  how  one  would  be 
able  to  refute  this  hypothesis,  starting  ftom  the  simple  phenomena. 
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the  consequences  of  the  theory  of  atomic  collisions  would  have  been 
□DeqalTocally  in  favor  of  the  sole  right  interpretation  (equal  accelera- 
tions in  equal  times). 

The  union  of  the  seTeral  branches  of  this  conclauou  forms  not  only 
a  philosophic  truth  of  extreme  interest,  but  one  ii-om  which  a  very 
useful  consequence  may  be  drawn,  which  is  that  in  spite  of  the  greater 
weight  due  to  a  posteriori  researches  a  priori  ones  are  not  to  be  wholly 
neglected,  since  they  may  greatly  accelerate  the  success  of  tbe  former. 
Already  some  impartial  philosophers  are  agreed  that  such  coujectures 
if  lucid  and  capable  of  evaluation  might  be  useful  to  the  most  rigorous 
physicists,  were  it  only  in  suggesting  to  them  definite  points  of  view 
from  which  to  direct  experiment,  in  the  place  of  that  indecision  in  which 
the  mere  vague  wish  for  new  investigation  has  often  left  them. 

Let  uB  clearly  understand  that  such  speculation  is  only  permissible 
for  the  sake  of  occupation  when  the  skill  and  patience  which  new 
observation  and  experiment  require  are  lacking.  We  ought  to  be 
thoroughly  informed  as  to  all  previous  observations  and  experiments 
on  the  subject  and  tn  keep  these  steadily  in  view  iu  forming  hypotheses, 
which  are  to  be  tested  by  them  with  the  aid  of  every  help  that  mathe- 
matics can  give  in  examining  as  to  the  exactness  of  their  agreement. 

Finally,  it  is  such  an  agreement  rather  than  any  elaboration  of  method 
which  brings  conviction  to  most  students  of  any  physical  theory,  and 
this  whether  they  are  aware  of  this  agreement  before  their  acquaintance 
with  these  methods  or  whether  a  study  of  the  method  led  them  to  the 
agreement. 

L 

If  the  disciples  of  Epicurus  had  been  as  fully  persuaded  of  the 
sphericity  of  the  earth '  as  they  were  of  its  flatness,'  then  instead  of 
conceiving  tlieir  atoms  to  move  in  nearly  parallel  paths,  as  was  suited 
to  a  directive  force  perpendicular  to  a  plane  surface,  tbey  would 
undoubtedly  have  attributed  to  them  motion  normal  to  the  surface  of 
a  sphere,  and  consequently  directed  at  all  points  toward  its  center.^ 
Alt  example  of  such  a  condition  as  I  have  in  mind  would  be  furnished 
if  it  hailed  simnltaneously  in  all  the  countries  of  the  earth. 

>  Plato  and  Arietotle  had  discouTBed  at  great  leni^  upon  the  Bphericity  of  the 
earth ;  ArchimedeB  and  Aristarchns  had  a«satned  it ;  Thalea  and  Zeoo  had  taught  it, 
and  all  the  astronomerH  believed  it.  <8ee  the  Tiniipus  of  Flato,  the  close  of  the 
second  book  of  Aristotle  upon  Che  Heavens,  tbe  Hoar-Glass  of  Archiinedes,  and  the 
teotk  chapterof  tbe  third  book  of  PId  torch  upon  tbe  Opinions  of  the  Philosopbera.) 

'Neither  Epiourua  nor  Lucretius  diaooverad  tbe  fignre  of  tbe  eurtb.  Bnt  it  seeme 
probable  that  they  conformed  to  the  opinions  of  Democritns  npoo  all  qneetions  where 
they  did  not  espreeely  oppose  him.  Moreover,  Gassendi  (in  Lis  CoaimoDtaries  on 
Epicnms,  p.  213  of  the  edition  of  1649)  alleges  strong  reasons  for  believingthat 
tbey  snppoBed  the  earth's  aarfoce  to  be  flat. 

■  Instead  of  which  they  entirely  rejected  this  centripetal  tendeocy. 
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II. 


The  following  objectioD  would  of  coarse  have  been  raised  by  some  to 
this  view:  Part  of  tliese  atoms  must  necessarily  encounter  tbe  moon 
before  reaching  tlie  earth,  and  by  their  petting  would  push  her  toward 
ns;  and  on  the  other  hand  the  force  exerted  upon  those  terrestrial 
objects  which  she  shields  would  be  less  because  of  her  interposition. 
OoDseqaently  we  ought  to  see  the  moon  descending  and  a  part  of  the 
waters  of  the  ocean  rising  to  meet  her,  aa  if  rendered  lighter  by  the 
interception  of  the  atoms,  and  consequently  yielding  their  place  to  the 
adjacent  waters.'  In  view  of  tliese  objections  the  Epicureans  would 
have  bad  to  see  if  some  plieiiomeuon  of  this  nature  did  not  really  exist. 
Tbey  would  have  answered  their  opponents  that  the  moon  did  not 
recede  fh>m  as  on  a  tangent,  but  really  did  approach  the  earth  at  each 
instant,  and  that  the  alternating  motions  of  the  ocean,  so  accordant 
with  those  of  the  moon,  exhibited  this  very  effect  in  question,  due  to 
the  inequality  introduced  in  the  stream  of  atoms  by  the  interposition 
of  this  great  body. 

m. 

The  example  of  a  pebble  projected  horizontally,  which  circulates  for 
a  few  moments  about  the  earth  before  falling,  and  longer  in  proitortion 
as  the  motion  is  more  rapid,  would  have  made  it  clear  that  the  moon, 
which  occupies  but  a  month  in  such  a  great  journey,  might  not  of 
necessity  actually  approach  the  earth  except  in  the  sense  of  being 
nearer  than  if  she  bad  gone  off  on  a  tangent. 

IV. 

A  persistent  antagonist,  fortified  by  some  theorems  of  centrifugal 
force  similar  to  those  of  Huygens  (which  are  easily  demonstrated  by 
elementary  geometry  for  polygonal  orbits  such  as  would  result  from 
intermittent  collisious)  might  further  have  objected  that  the  motion  of 
the  moon  was  still  60  times  too  slow'  to  prevent  her  actual  approach 
to  ns,  taking  into  cquaideration  the  very  considerable  force  of  gravita- 
tion found  at  the  surface  of  the  earth.  Upon  this  the  Epicureans 
would  not  have  been  slow  to  reply  that  since  the  distance  from  the 

<  This  la  uat  preoisel;  tbe  actaal  state  of  affairs,  but  it  is  thna  that  tbe  case  woold 
present  itself  At  first  vien.  As  an  «iact  reri)^ition  of  the  laws  nf  this  ptienomeiioii 
would  be  mare  slowly  aoqiiired  than  an  exact  knowledge  of  tbe  laws  of  atomism, 
tbere  wonld  ooTer  be  a  time  when  that  theory  would  bare  been  fonnd  at  fault  in 
this  respect. 

'  If  the  force  of  gravitation  were  the  saine  at  all  distances,  tbe  period  woTilii  l>« 
reciprocally  proportfona)  to  the  square  root  of  tlie  distance  (Hngenli  Thoor.  IV,) 
Instead  of  to  the  three  halves  power  as  follows  from  tbe  Newtonian  law  (Phil.  D»t. 
Princ.  Matb.Prop.  IV.  Cot,  6).  Then  tbe  period  of  the  moon,  as  compared  with  tbat  of 
abody  tevolving  at  the  sarfooe  of  tbe  earth,  would  be  expressed  bj  1/6O  inetead  of 
60  ^60)  the  value  derived  from  the  Newtonian  law  of  gravitutiou. 
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moon  to  the  center  of  our  globe  is  60  times  ae  great  as  oar  distance 
from  this  same  center,  the  splierical  sorfiwse  baviog  the  radias  of  tbe 
moon's  orbit  is  3,(100  times  as  great  as  tbat  of  the  eartb.  So  that  if 
tbe  out«r  sarfare  were  traversed  by  the  same  number  of  atoms  as  the 
inner,  tbeir  iliatributioii  wonld  be  3,600  times  rarer,  ami  tbey  wonld 
iu  cousequeuce  cause  a  gravitation  3,600  times  less.  Tbie  would  be 
exactly  that  required  by  the  theorems,'  for  this  gravitatiug  force  would 
Bu£Sce  to  sustain  at  a  distance  60  times  as  great  a  moving  body  whose 
absolute  velocity  vras  ^60  times  less  than  tbat  required  by  a  body 
revolving  at  the  surfoce  of  the  earth. 


The  parallelism  of  path  which  Epicams  had  introduced  in  the  atomic 
theory  of  Leucippus  and  Democritus  was  not  exact,  since  had  it  been 
so  these  atoms,  all  moving  with  equal  velocity,  could  never  have  come  in 
collision.  But  Epicurus  required  that  they  should  collide  in  order  that 
he  might  explain  the  formation  of  compound  bodies  without  assuming 
the  intervention  of  a  superior  cause.  Hence  he  supposed  the  paths  of 
the  atoms  to  be  slightly  inclined  to  each  other,  audit  is  well  known  tbat 
the  iDtroductiou  ot  the  correction  subjected  him  to  many  pleasantries 
and  objections  from  philosophers  of  other  sects. 

VI. 

If,  however,  Kpicums  had  embraced  tbe  doctrine  of  tbe  convergence 
of  tiie  atoms  toward  a  center,  undoubtedly  his  opponents  would  have 
attacked  this  hypothesis  quite  as  vigorously.  The  Epicureans  in  reply- 
ing would  have  been  able'  to  explain  this  convergence  by  returning  to 
the  system  of  Leucippus  and  Democritus  as  follows :  Imagine  the  atoms 
to  move  fortuitously  in  every  direction,  and  let  as  trace  the  result  in 


'  Combine  the  secoutl  and  third  theorem*  of  Haygena  pablished  in  1673  following 
bia  Hurologium  oacillntarium. 

■'It  was  ustnral  enough  to  greatly  diversify  this  motioD  which  tenil«d  to  deBoct 
the  atoraa. 

Lucretius,  even,  despite  his  devotion  to  Epicnrua,  expressed  himself  seTBral  times 
cuufonnulily  to  the  system  of  UemncnUis.  His  first  book  wKh  the  first  216  lines  of 
tba  secunil  ignored  the  imperfect  psrallelisiti  that  he  lent  to  the  paths  of  the  atoms, 
for  instead  of  speabing  of  this  parallelism  he  seems  to  say  three  times  tbat  they 
come  trom  all  directions  (nndiqno,  lines  986,  1041,  and  1050),  that  they  waver  (voli- 
tare,  %I),  tryingseverul  kinds  of  c.-olliaioDS(multimodiB  pUgis,  1033  and  1024),  esxay- 
ing  all  kinds  of  movements  (omne  genus  motris,  1025),  finding  room  to  advunL'e  iu 
whatever  direction  they  move  (motHs  ignociimque  feruntur,  lOT.'i).  He  odds,  iu  the 
second  book,  that  they  wander  iu  space  (per  Inane  vagaotur,  lino  82),  that  the;  are 
agilated  by  various  movements  (varioiiue  exeroita  motn,  96),  and  that  all  those 
wbicb  have  not  been  able  to  associate  themselves  together  to  fonu  great  massea  are 
always  agitated  in  the  great  void  (In  magno  jaetari  semper  Inani,  121)  in  the  same 
way  as  the  dust  that  one  nees  in  a  dark  chtunher  into  which  the  sun's  rays  penetrate 
is  moved  about  in  all  directions  (nunc  bite  nunc  illiic.  Id  ounctas  deniqne  parties, 
130J.     Finally,  several  of  bis  i;ommetitators  convey  the  same  idea. 
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the  cane  of  a  body  Dear  the  earth.  All  the  atoms  coming  toward  the 
body  from  the  direction  of  the  earth  woald  be  cut  off  by  it,  while  from 
all  other  directiouH  the  body  woald  be  sabjected  to  QoiDterrnpted  bom- 
bardment. Couaeqnentl;  there  woald  be  s  resaltant  motiou  of  the 
earth,  that  is  in  the  line  of  diminished  resistance,  and  this  resoltant 
motion  woald  be  exactly  the  same  as  if  the  bombarding  atoms  all  con- 
verged toward  the  earth's  center  instead  of  moving  fortuitously. 

YII. 

The  Epicureans  wonld  have  even  seized  with  avidity  upon  this  occa- 
sion to  give  an  air  of  disorder  to  the  primitive  movements  of  the  oni- 
verse.  For  this  woald  accord  the  better  with  their  system  of  the  ori- 
gin of  thiuga  (otherwise  sntDoieutly  absurd  and  impious)  that  there  was 
no  appearance  of  parallelism,  perfect  or  imperfect,  whereas  all  tend* 
ency  to  parallelism  would  t^ppear  to  be  the  resnlt  of  some  particular 
design,  and  consequently  to  indicate  the  operation  of  some  intelligent 
being. 

Vlll. 

I  speak  of  disorder  in  connection  with  prindtive  movements  only. 
The  resaltant  motiou  of  bodies  having  inertia  wonld  be  directed  toward 
the  center  of  oar  globe  with  great  exactness,  in  consequence  of  the 
combination  of  s  vast  number  of  iiupalaes  iu  different  directions.  For 
it  is  a  well-known  resalt  of  the  doctrine  of  chances  that  minor  irregu- 
larities, when  in  great  number,  mntually  compensate  each  other 
exactly,  so  that  each  several  inequality  becomes  imperceptible  in  its 
effect  upon  tbe  resultant. 

IX. 

Still  another  ronsideration  woald  have  led  tbe  atomists  to  make  this 
same  modification  of  the  direction  of  motion  of  the  gravitational  atoms. 
All  will  agree  with  me  that  they  were  certain  to  have  met  with  one  or 
other  of  these  two  ohjections  or  to  have  themselves  raised  tbem.  As  tbe 
earth  revolves  without  cessation  about  the  son,'  the  hypothesis  that 

'  Democritai  was  a  centur;  and  a  half  later  tban  Pytbagoros,  who  hod  secretl; 
taught  the  revolation  of  tbe  eartb.  ile  luigbt  even  have  seen  Pbilolaua  who  more 
oiHiDly  pioolaimed  it,  aod  Timieua  who  appears  to  have  bad  the  same  belief.  He 
ought  also  tu  have  boen  iDformed  of  Ibe  opinion  of  the  Pythagoreans  npon  tbe  Bnb- 
ject,  for  Heroclides  hail  been  of  this  seat  before  be  liBt«Ded  to  Plato  and  Aristotle, 
and  be  maintained  at  least  that  the  earth  rotated  about  its  center.  According  to  the 
report  of  Diogenes,  Laertlns,  and  of  Porpb;i7,  Democritus  had  attended  tbe  teocb- 
iog  of  tbe  Pythagoreans;  and  besides,  the  Eleatic  sect  (if  one  may  creilit  Straho) 
naa  uotbiug  hut  an  oRshoot  of  the  Italic.  Finally,  the  atontiBts,  following  Ilemo- 
oritun,  vonld  have  hud  o[>poTtnnity  to  be  even  better  instructed  than  be  in  regard 
to  tbe  eartb'H  motion.  For  this  doctrine  was  supported  by  a  multitoile  of  philoeo- 
pbers  of  all  conntries,  among  whom  the  principal  names,  in  addition  to  those  already 
oiteil,  are  Archimedes aud  Nicetaa,  of  -Syrocnse;  Aristarobus  anil  Cleanthua,  of  Samos; 
Architas,  of  Tarento;  SeleucuB,  Eopbautus,  and  even  (according  to  Theophiastaa) 
Plato  in  bia  later  jearB. 

"»*—'"  n,„„,Google 
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ant  of  sn  imperceptible  moTemeiit  of  the  masses  toward  all  parts  of 
the  great  body  (as,  ^m  certain  passages  of  Cicero  and  PIntarcb,  it 
appears  had  been  before  BoppoRed  by  some  of  the  ancieBts).  Conse- 
qnently  this  gravitatiou  would  be  proportional  to  the  number  of  the 
particles;  that  is  to  saj,  to  the  mass  of  the  central  body. 

Now  from  these  two  propositions  alone  there  might  have  been  dedaced 
HTDthetically  the  entire  theory  of  universal  gravitation  without  farther 
mention  of  gravitational  atoms. 

XII. 

This  is  the  place  to  insert  a  certain  proposition  which  is  commonly 
spoken  of  as  if  it  were  distinct  from  those  which  teach  that  gravitation 
is  nuiversal,  but  which  appears  to  me  to  be  included  in  that  expression. 
I  refer  to  that  which  affirms  that  gravitation  is  mutual  or  reciprocal; 
or,  in  other  words,  that  it  is  subject  to  the  ancient  law  of  mechanics, 
which  states  that  action  and  reaction  are  equal. 

I  say  that  this  is  the  place  to  consider  this  proposition,  becanse  it  can 
equally  well  be  proved  either  through  the  introduction  of  the  agent  of 
gravitation,  as  I  have  done  in  preceding  paragraphs,  or  by  considering 
gravitation  abstractly,  as  I  shall  do  in  those  which  follow.  This  propo- 
sition tUerelore  forms,  as  it  were,  a  gradation  between  those  which  I 
have  established  by  the  first  method  and  those  which  I  shall  establish 
by  the  second. 

First  method :  Inasmuch  as  one  body  is  pushed  toward  another  by 
the  atoms  which  the  second  body  has  deprived  of  direct  antagonists, 
while  tbe  latter  body  is  pushed  toward  the  former  by  these  same  antag- 
onists, the  two  bodies  are  necessarily  pashed  toward  each  other  with 
equal  force,  whatever  be  the  inequality  of  their  masses  or  the  differences 
in  their  forms. 

Second  method :  Since  each  particle  of  one  of  tbe  two  bodies  tends 
toward  every  particle  of  the  other,  the  first  body  is  urged  toward  the 
second  with  a  force  proportional  to  the  number  of  particles  which  the 
second  contains,  or,  in  other  words,  with  a  force  pro))ortional  to  the  mass 
of  the  second.  Furthermore,  since  the  impetus  or  momentum  of  tbe 
first  body  is  the  summation  of  the  impetns  of  its  separate  particles,  it 
is  proportional  to  tbe  total  mass  of  the  first  body.  Thus  it  follows  that 
the  impetus  of  the  first  body  is  proportional  to  the  product  of  the 
masses  of  the  two  bodies. 

By  a  similar  train  of  reasoning  tbe  impetus  of  the  second  body  is 
also  proportional  to  this  product.  Therefore  the  usual  bodies  are  urged 
together  with  equal  forces. 

XIII. 

I  am  now  in  a  position  to  examine  what  other  consequences  the 
auctento  would  probably  have  drawn  fi-om  the  principle  of  a  mutual 
gravitation  directly  proportional  to  the  masses  and  varying  inversely 
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as  the  square  of  the  distance.    For  the  sake  of  brevity  the  mecfannical 
cause  may  be  left  out  of  coosideratioD  iu  the  discaBsioii, 

As  these  philosophers  would  have  foreseeo  maoy  difficulties  in  rigor- 
ously testing  every  consequeiice  to  see  if  it  coincided  exactly  with 
observation,  and  would  thei'efore  have  refrained  from  embarking  apon 
so  serious  a  task  before  perceiving  that  the  dedactiona  accorded  in  gross 
with  the  results  of  experience,  I  presume  they  would  not  seriously  have 
applied  geometry  and  computation  to  this  gravitation  without  having 
first  determined  by  simple  reasonings  what,  approximately,  would  be 
the  effects  flowing  from  it,  and  seeing  that  these  conjectures  accorded 
roQgldy  with  the  real  constitution  of  the  aoiverae '  I  believe  I  do  no 
violence  to  probabilities  in  presuming  that  the  ancient  philosophers 
would  have  been  acquainted  with  some  such  reasonings.  Having  fewer 
matters  than  we  to  distract  their  atteution,  they  were  able  to  make  very 
exact  deductions  in  subjects  requiring  nothing  but  meditation.  With 
reference  to  the  acquired  knowledge  which  would  be  needed  in  such 
reaHonings,  it  will  be  recalled  that  the  theory  of  conic  sections  had 
been  discovered  and  cultivated  before  the  birtb  of  £picarus,  that 
Archimedes  bad  made  great  advance  in  the  doctrine  of  centers  of 
gravity,  and  that  the  ancient  geometers,  and  especially  the  last  named, 
employed  approximations  with  great  ingenuity  when  they  were  unable 
to  attain  to  rigorous  precision. 

XIV. 

Encouraged  by  these  first  successes  and  animated  by  the  grandeor  of 
the  enterprise  it  is  highly  improbable  that  these  ardent  and  subtile 
geometers^  would  have  stopped  here.  They  wonld  doubtless  have 
invented  for  the  puriioae  some  means  for  passing  from  the  ratio  of  sensi- 
ble quantities  to  that  of  their  imperceptible  elements,  and  conversely 
from  elementary  qnautities  to  their  summation,  at  least  for  the  simple 
case  required  when  one  wishes  to  avoid  the  numerical  compntatiou  of 
the  small  anomalies  of  the  movements  of  the  celestial  bodies. 


>  I  hftd  intended  to  insert  here  some  preliminary  obHiTvationx  wbii^b  tbe  atomista 
wonld  probably  bave  made.  I  bad  collect«d  tbeiii  in  part  from  varioDH  reaearcb«s 
(or  incidental  poiota)  made  by  good  geometers  who  have  nndertabeo  to  illnitrato  to 
readers  bnt  little  advanced  iumathematit^seomeoftlietrutbsof  physical  astronomy. 
The  remainder  were  from  notes  of  lectureH  which  I  have  myself  given  upon  these 
matters.  But  I  bave  omitted  this  digression  on  account  of  its  length.  Perhaps  I 
may  be  permitted  to  remark  that  theae  elementary  teetH  may  be  rendered  very  con- 
vlnclDg,  although  some  of  them  pieanppoae  so  little  knonledgo  of  geometry  that 
they  may  even  be  stated  iritbout  reference  to  figures. 

'It  should  be  borne  lo  mind  that  we  are  uot  here  speaking  of  the  Epicnieaas  at 
some  have  really  been— that  la  to  say  of  a  nature  decidedly  lary  and  conaeqaently 
IgDorant  of  oatronomy  and  physics— bnt  of  pbiliisophera  simply,  Epicoreans  as 
respecting  the  fnndamental  propoeitiooa  of  physios  only,  bnt  reaembling  ratber  their 
contemporaries  of  other  sects  io  general  enlightenment  and  taate  for  researoh.  Such 
a  supposed  character  for  these  philosopbera  is  by  do  meaoB  forced,  since  the  phyaical 
and  Bpeculattve  dogmas  of  Kpionrus  didnot  neoeseorlly  entail  his  moral  praoepta  and 
practices. 


:q.l7.jrb,G00l^le 


THE  THEOBY   OF  GRAVITATION.  149 

Certainly  they  had  safficieDt  patience  and  sagacity  to  succeed  in 
finding  euch  a  method,  since  they  bad  bad  enough  of  these  qoallties  to 
discover  and  advance  in  considerable  degree  the  admirable  doctrine  of 
incommensurableB,  and  of  exbaastions,  although  these  were  not  ordi- 
Darily  ased  except  in  the  consideration  of  the  five  regular  bodies,  and 
were  specially  derived,  it  is  said,  to  examine  certain  very  hazardooa  and 
oven  fantastic  conjectures  of  the  I'ythagoreans  and  Platonists. 

XV. 

PracticAlly,  if  one  omits  from  the  theory  of  central  forces  those  cnri- 
ons  propositions  and  generalizations  which  can  only  be  regarded  as  ita 
luxuries,  as  well  as  the  delicate  evaluations  which  are  required  only  for 
the  perfecting  of  astronomical  tables,  all  the  rest  may  be  demonstrated 
sufficiently  tor  the  uses  of  the  jihysicist  by  the  aid  of  lemmaa  less  exact 
and  nniversal  than  those  of  the  calculus. 

This  has  indeed  been  pointed  out  in  some  degree  by  several  geome- 
ters, but  it  may  be  realized  still  further  if  the  reader  will  undertake  by 
the  same  or  analogous  means  of  simplification  to  attack  other  proposi- 
tions than  those  already  so  treated. 

But  the  probability  that  the  ancients  would  have  been  able  to  accom- 
plish snch  demonstrations  is  still  less  necessary  to  the  plan  which  I 
have  proposed  to  myself,  as  stated  at  the  beginning  of  this  essay,  than 
the  probability  that  they  would  have  discovered  the  simple  relations 
nientioued  in  the  thirteenth  paragraph.  Oonsequently  the  reader  may, 
if  he  prefers,  ignore  the  last  three  paragraphs  and  give  att«ntion  only 
to  matters  which  1  have  expressly  engaged  to  establish. 

XVI. 

I  declared  that  the  laws  of  Kepler  were  necessary  consequences  of 
the  doctrine  that  gravitation  results  from  the  imjiulsion  of  atoms  mov- 
ing in  every  direction,  since  Kepler^s  laws  follow  directly  from  those  of 
Newton.  I  ought,  however,  to  show,  for  the  benefit  of  readers  less 
versed  in  the  matter,  where  it  may  be  found  proved  that  the  first-men- 
tioned laws  are  the  natural  consequences  of  the  second. 

First.  That  the  law  of  areas  proportional  to  times  is  a  necessary  con- 
sequence of  gravitation,  always  directed  toward  a  single  point,  is  dem- 
onstrated by  elementary  geometry  in  the  first  proposition  of  Newton's 
Principia. 

Second.  That  the  law  of  squares  of  periodic  times  proportional  to  the 
cubes  of  the  distances,  for  bodies  appearing  to  describe  circles,  must 
necessarily  follow  from  a  gravitation  inversely  proportional  to  the  square 
of  the  distance  constitutes  the  second  part  of  the  sixth  corollary  to 
Proposition  IV  of  the  same  work,  and  may  be  demonstrated  by  ele- 
mentary methods  also  for  regular  polygons,  which  represent  more  nearly 
than  exact  circles  the  orbits  traversed  by  bodies  diverted  slightly  trom 
their  paths  by  intermittent  collisioua 
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Third.  That  the  elfipticity  of  an  orbit  ia  the  necessary  couseqnence 
of  gravitation  direct^'d  toward  its  foons,  and  reciprocally  proporCioDal 
to  the  square  of  the  distance,  is  the  converse  of  Proposition  XI  of  the 
same  book.  This  proposition  has  been,  more  simply  demonstrated  as  a 
consequence  of  the  fiftieth  of  Book  III  of  the  conios  of  Appolonias. 

I  may  pause  here,  since  in  maintaining  that  the  laws  of  Kepler  are 
ail  easy  conseqaence  of  the  system  of  atoms  I  have  not  pretended  that 
their  application  to  complex  cases  readily  follows  fhim  the  slight  knowl- 
edge of  geometry  possessed  by  the  ancient«.     Nevertheless,  I  may  add — 

Fourth.  That  the  Proposition  XI  of  the  Principia  once  attained  it 
does  not  appear  to  nie  difficult  to  establish  the  fiftieth,  which  extends 
onr  second  cousequences  to  ellipses — that  is  to  say,  which  proves  that 
in  ellipses  as  well,  the  sqnares  of  the  periodin  times  aboat  an  attracting 
body  (placed  in  one  of  the  foci)  are  proportional  to  the  cubes  of  the 
mean  distauces. 

XVII. 

Let  ns  now  see  how  the  laws  of  Galileo  may  be  derived  irom  the 
hypothesis  of  the  impulsion  of  the  atoms. 

The  blows  of  corpuscles,  moving  with  a  velocity  more  rapid  than 
light,  upon  a  body  which  has  fallen  three  or  four  seconds,  would  be  sen- 
sibly of  the  same  strength  as  the  preceding  blows  bad  been  upon  the 
same  body  when  it  hiid  only  fallen  one  or  two  seconds.'  Hence  the  suc- 
cessive accelerations  of  the  body  in  equal  times  must  be  sensibly  equal, 
and  the  velocity  at  any  instant  must  be  sensibly  proportional  to  the 
time  elapsed  since  the  beginniug  of  the  fall.  From  this  it  follows  neces- 
sarily that  the  spaces  traversed  since  the  beginniDg  are  sensibly  pro- 
]>ortioDal  to  the  squares  of  the  total  times,'  and  will  be  eeosibly  pro- 
portional to  the  succeesive  odd  numbers. 

'  To  SBHign  totbeie  corpuaoles  the  velocity  of  aonoil  even  wonld  be  aufflcieDt.  For 
the  velocity  of  Kaaod  ismore  thao  tblrtyfoiirtimeBas  rapid  Mtb«tof  a  body  wbicU 
hoe  rollen  on«  aecoud,  or  more  than  seveiit«eu  times  iw  greut  aa  that  of  odo  that  liaa 
fallen  two  seconds,  etc.  Hence  with  the  iocreaslDg  velocity  of  the  fallin);  body  tbe 
acceleratio);  impnlees  impressed  by  the  corpuscle!  would  be  more  feeble  than  at  tbe 
heglnning  at  the  fall  by  one  thirty-fourth  at  the  end  of  ooe  eecond,  by  two  tbirty- 
fonrtlis  at  the  end  of  two  xeconda,  etc.  Thin  gradual  deoreaae  of  acceleratioo  wonid 
not  be  porcelveil  in  the  lougest  timea  of  fall  wblcb  are  ordinarily  meaaureil.  How 
niach  leas  therefore  would  tbey  be  perceived  If  wo  aasuuie  for  the  corpuscles  tbe 
velocity  of  light,  which  is  nine  buudred  thousand  times  an  great  as  that  ofsounil. 

'  DemoDRtration :  I  divide  tbe  two  times  wbieb  are  t«  be  compared  into  an  et|iial 
number  of  parta,  so  amall  that  the  body  may  be  conceived  oa  falling  with  equal 
rapidity  during  the  whole  duration  of  one  of  theNe  parts.  And  1  observe  that  the 
two  bodies  whioli  are  compared  will  have,  at  tbe  beginniag  of  each  of  the  rorre- 
apondiDg  parts  of  tbe  two  times,  velocities  pniportlonal  to  tbe  times  then  olapaed, 
and  consequently  to  tho  entire  timea.  Hence  the  amall  aparea  traveraed  at  these  cor- 
responding inatants  will  be  traversed  with  avelocity  proportional  to  the  times  com. 

But  the  elementary  spaces  fallen  through  will  bo  proportional  not  only  to  tbe 
velocities  with  which  lliey  are  travi'taecl,  hnt  also  to  the  portions  of  time  occupied 
in  traversing  them,  and  consequently  to  tbe  wboli-  tiuiea.     Therefore  the  small  cor- 
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XVIII. 


These  synthetic  demonstrations  of  laws  of  falling  bodies  by  the  intro- 
doction  of  inechaniam  whose  existence  ia  only  surmised,  may  perhajiR 
iMt  less  philosopbicnl  than  analytic  demonstrations  which  are  based 
entirely  upon  observed  phenomena.  Still  it  most  be  recalled  that  in 
cases  where  direct  observation  has  been  difficalt  and  inexact,  error  has 
freqneotly  attended  deductions  of  this  latter  kind.  At  all  events  the 
former  kind  of  demonstration  is  mach  more  philosophical  than  a  gra- 
tuitous hypothesis,  which  is,  nevertheless,  the  means  of  invention 
employed  by  Galileo ;  and  its  resalts  are  quite  as  well  established  as  are 
the  laws  of  Galileo  since  they  are  proved  by  exactly  the  same  means, 
that  is  by  the  sensible  accord  of  their  consequences  with  the  phenomenii. 
Nothing  else  than  this  is  claimed  by  Oalileo  himself  and  bis  principal 
successors. 

XIX. 

But  the  atomists  would  have  encountered  one  very  serious  objection, 
to  which  they  were  necessarily  exposed  iu  common  with  all  physicists 
who  undertake  an  explanation  of  gravitation.  For  by  having  thickness 
a  roof  receives  not  a  whit  more  of  hail,  or  a  shield  of  arrows ;  whereas, 
remaining  otherwise  unchanged,  the  weight  of  all  bodies  is  augmented 
in  direct  proportion  of  their  thickness.  Conversely  when  one  removes 
a  heavy  body  from  a  shop  or  dwelling,  or  reduces  it  to  sheets  exposed 
without  protection  to  material  influences  [the  rain,  for  example)  it 
receives  more  than  when  protected  or  concentrated  so  as  to  present  a 
small  surface.  But  it  has  never  been  found  by  merchants  and  artisans, 
who  are  coDtiuually  in  tbehabitof  weighing,  that  bodies  appear  heavier 
in  open  air  than  when  under  cover,  and  gold-beaters  have  never  per- 
ceived that  the  weight  of  the  metal  augments  in  proportion  to  the 
increase  of  its  surface. 

In  a  word,  if  the  collision  of  atoms  is  the  cause  of  heaviness,  the 
weight  of  bodies  ought  to  be  proportional  to  their  surface  (or  rather  to 
their  horizontal  projection).  How,  then,  does  it  happen  that  the  weight 
is  proportional  to  the  mass! 

Do  the  gravitational  atoms  then  act  across  the  thickest  and  most 
compact  envelopes  of  all  substances  an  fully  as  through  the  airt     And 


respoading  B|)aceB  will  be  proportional  to  the  squoTM  of  the  whole  times,  aud  Ibe 
Bunia  of  the  (eqaally  DiinieruuB)  email  spaces — that  is  to  aay,  the  whole  (tiatance 
trarerHod — will  also  be  pruportioual  to  the  sijuareB  of  the  nbole  tinies. 

Remiirk:  The  aaaumption  with  which  I  starteil,  and  which  ia  tacitly  made  in  tbe 
other  demoDitrations  of  tbis  law,  is  a  sort  of  license  equivalent  to  aoppoeiDg  that 
the  parta  of  tbe  times  and  apacea  are  inlinil«lr  email,  and  is  less  conceivable  than 
one  is  aoouHtomed  to  Buppose.  It  ia  an  inevitable  inconveineuce  of  the  common 
faypotbesis  of  tbe  ooutinuit]-  of  the  action  of  gravitation.  Bat  tbia  inconveuleuce 
ia  not  encountered  wben  we  substitute  the  hypothesis  of  diaoontinalty.  1  mean  to 
■ay  that  there  arises  no  coatrodiction  wben  the  time  iucrementa  are  taken  equal  to 
tbe  intervals  between  tbe  blows  of  the  gravitational  agency. 
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does  Dot  the  very  sensible  weight  which  they  impart  to  these  envelopes 
demonetrate  the  contrary,  that  is  that  all  sabstaiices  arrest  the  paaa^ge 
of  a  great  naml>erof  corpnsclesl 

XX. 

To  this  the  Epicnreans  would  have  been  forced  to  respond  that  tbe 
ntomt)  donbtless  traverse  very  ttee\y '  all  heavy  bodies;  as  freely,  for 
example,  aa  light  passes  through  diamond  and  magnetic  matter  throngb 
gold,  though  one  of  these  bodies  is  the  hardest  aud  thtj  other  tht^ 
heaviest  of  all  known  bodies  (which  shows  that  they  are  less  porous 
than  most  sabstances).  Thus  the  number  of  atoms  which  are  inter- 
cepted by  the  first  layers  of  a  heavy  body  woold  be  absolutely  insensible 
relatively  to  the  number  of  those  which  pass  through  tbe  last  layers.* 
Nevertheless,  the  relatively  small  number  intercepted  would  produce  a 
Mnstble  action  U{>on  the  body,  since  tliey  have,  in  virtue  of  au  immense 
velocity,'  the  force  of  impact  which  they  would  lack  by  reason  of  their 
Hmall  mass. 

'  Htfmm]  an<!lent  phynlclit*  recognixed  the  pores  in  bodies.  It  may  I>«  m«ii,  for 
itxkniple,  lu  tbe  eighth  obapler  of  the  first  book  of  Aristotle  on  Generation  and  Cor- 
rtipti'iri,  that  Etnpudoclea,  Leuoippas,  and  Democrilaa  Lad  made  a  great  deal  of  aae 
or  tlieiii  to  explain  eeiuatlona  and  mlxtoreB.  Galen  reports  io  hiH  worlcs  on  the 
Nnlurnl  rropiirtlea,  that  Erasiatiatne  (the  grandson,  it  is  believed,  of  Aristotle),  m 
oi'Ialirutvd  oorpanRular  physician  nbo  denied  attraction,  believed  in  the  esiatence  of 
a  vaoiinm  and  attempted  to  redace  all  natural  properties  from  tbe  site  of  tbe  poree. 
Cifjiiis  Anralinniin  speaks  of  them  also  in  oonnectioo  with  Asolepiades,  of  Bithynia, 
a  |>hf  ■l<'iBn  III  the  time  of  I'ompe;,  And  Seitus  Empiricue  assnres  ns  that  not  only 
Aicli'plndeH  but  also  other  phyilciana  and  physiolsts  of  the  sect  of  Epicureans 
niiuli'  many  applications  of  the  pores.  Finally,  in  the  first  book  of  Lncretinn  there 
are  ten  or  twelve  lines  upon  the  great  permeability  of  bodies,  oonclading  as  follows: 
I'dijiie  Mien,  In  rebui,  solldl  nil  eese  videtnr. 

■  However  considerable  we  aasonie  tbe  nnmber  «  of  horizontal  layers  going  to 
cumpose  a  liody  of  uniform  density,  the  nnmber  (and  consequently  tbe  effectivenees) 
of  till-  gravitational  iitoms  is  diminished  in  passing  each  one  of  them,  because  some 
atoms  nre  internppteil  by  the  solid  material  composing  the  layer.  The  namber  of , 
atoms  transmitted  by  a  layer,  aud  remaining  effective  to  produoe  weight  in  the  next 
lower  one,  will  bear  the  same  ratio  to  the  number  reaching  tbe  first  that  tbe  volume 
of  tlio  spaoee  or  pores  In  the  layer  bears  to  its  total  volume.  Aesnniing  tbe  l>ody  to 
be  of  uniform  <lenslty,  this  ratio  will  be  constant,  and  since  the  weight  of  eucb  layer 
Is  proportional  to  the  immber  of  atoms  available  to  collide  with  its  substance,  this 
ratio  represent*  the  roliitivo  weight  of  any  layer  to  that  neit  above  it.  However 
nearly  nfjiial  we  may  eupposo  the  unmbers  a  and  ft,  which  express  thtv  ratio  which  is 
nssumed  btitween  the  weight  of  the  highe>t  layer  of  the  body  and  that  of  the  lowest 
(the  two  lay ors  being  supposed  eijual  in  volume  and  density),  itispoeeibJe  to  express 
In  numbers  the  ratio  ol  tliu  entire  volume  to  that  occupied  by  the  pores  as  f/a  to  ^  j,~ 
Such  a  ratio  may  be  obtained  by  experiments  with  several  sorts  of  tissues,  as,  fur 
example,  by  means  which  Ntwton  indicates  in  his  Optics  (Book  II,  Part  III,  Prop. 
8),  tbe  nnmber  of  tbo  orders  of  pores  being  tbe  excess  of  tbe  logaritbro  of  yf^  ^^^ 
that  of  Va    Vb  divided  by  the  logarithm  of  two. 

"The  movement  of  tho  ntoms  ia  so  rapid,  according  to  Epicurus  (in  bis  letter  te 
Herodotus),  that  they  traverse  the  greatest  imaginable  spaces  in  a  time  inconceivably 
«boit 
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XXI. 

A  second  difflcnlty  which  would  have  embarrassed  the  more  scrnpu- 
loaa  atomists,  is  that  the  mutaal  coUisioa  of  the  atoms  woDid  retard 
tbeir  motions  repeatedly,  and  dimmish,  consequently,  the  gravitational 
action.    Any  such  effect,  nevertheless,  has  hitherto  been  imperceptible. 

Kow,  it  wonid  be  nseless  to  offer  in  explanation  that  the  sam  of  the 
motions  would  remain  the  same,  since  this  is  only  tme  when  the  word 
8UIU  is  used  in  the  sense  of  geometers,  who  comprehend  by  it  the  differ- 
ence of  contraries.  Such  a  definition  is  readily  seen  to  offer  no  assist- 
ance to  the  atomisttn  the  case  of  eqnality  of  contrary  movements.  For 
the  algebraic  sum  of  the  motions  of  the  atoms  is  zero  before  as  after  the 
collision ;  but  before  the  collision  they  were  capable  of  effects  of  which 
they  are  incapable  afterwards. 

XXII. 

It  is  apparent  that  soch  mntaal  encounters  would  be  the  more  rare 
the  smaller  tlie  atoms  were  supposed  to  be  compared  with  the  intervals 
between  them.  These  intervale  can  not,  however,  be  assumed  very 
great  since  gravitation  manifests  no  sensible  interruption  even  in  jtlacea 
and  times  the  most  adjacent;  so  that  the  only  conceivable  recoorse  to 
render  the  encounter  of  the  gravitational  atoms  auflQciently  rare  is  to 
suppose  them  extremely  small.  Happily  this  device  is  completely  sullQ- 
cient.  Conceive  two  balls  whose  centers  trace  given  courses  in  different 
planes.  In  ordef  that  they  may  never  meet  it  suffices  to  diminish  the 
sum  of  their  semidiameters  till  it  becomes  less  than  the  least  distance 
between  their  paths. 

But  since,  with  diminishing  size,  the  atoms  would  be  less  efficient  to 
produce  gravitation,  the  intensity  of  which  is  fixed  by  phenomena,'  it 
is  necessary  to  see  if  their  effectiveness  may  be  maintained  by  some 
other  properties.  I  .see  no  recourse  of  this  nature  esceptintheincrease 
of  individual  density  or  of  velocity.  These  two  recourses  appear  very 
natural,  and  are  at  the  same  time  the  more  satisfuctory  because  they 
were  (very  probably)  in  accord  with  the  spirit  of  the  atomists  of  whom 
I  speak,  and  would  probably  have  sufficed  to  close  the  mouths  nf  their 
adversaiies. 

XXIII. 

Third  difficulty:  Each  celestial  body  perpetually  finds  atoms  in  its 
path  which  it  necessarily  displaces  iu  passing  onward.  This  can  not 
occur  without  the  atoms  communicating  to  the  body  a  part  of  their 
motion,  and  in  consequence  causing  its  retardation.  Esclusive  of  all 
other  elements  except  the  mass  displaced,  this  retardation  is  propor- 

'A  little  laetapbysicnl  consiiierMion  aafflceB  to  dispose  of  tbia  instaace;  but,  as 
will  be  BHoii  io  a  moment,  1  am  able  to  suppleiiient  it  by  two  MparatH  pliyaioal 
conceptiODB. 
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tioimt  to  the  density  of  the  medium  made  ap  of  these  atomB  and  their 
ItiteritticeH.  Now,  the  eravitatioo  of  the  body  (exAlasive  of  all  other 
elementH  tbao  ChiH  atomic  mass)  is  proportioiial  to  this  same  mean  den- 
sity. How,  then,  can  it  be  that  the  retardation  is  imperceptible  while 
tlie  graTitation  is  ho  sensibleT  The  objection  is  r«idered  the  mote 
forcitile  when  we  consider  that  the  retardation  of  a  revolving  body  is 
broufcht  aboDt  by  all  the  atoms  which  it  meets  in  its  orbit,  while  its 
gravitation  !»  prodaced  only  by  those  whicb  at  any  one  position  in  its 
orbit  are  directed  toward  the  central  body. 

XXIV. 

Iteply:  Other  tbingH  btingeqnal,  the  force  of  gravitation,  being  pro- 
duce<1  Ity  Llie  single  Htream  of  atoms  deprived  of  antagonists,  is  propor- 
tioiiiil  Ut  tbesciaaie  of  the  velocity  of  the  atoms  (by  a  proposition  demon- 
strated  generally),  while  the  retardation  above  spoken  of,  being  caused 
by  tlie  Htream  opposing  the  planet  in  its  motion,  is  proportional  to  the 
product  of  tliJH  velocity  of  the  atoms  by  that  of  the  revolving  body  (as 
we  sliitll  prove  <Iire(-tly).  ('onsequently  (things  beingegnal)  the  gravi- 
tation Ik  t<>  the  retardation  att  the  velocity  of  the  atoms  is  to  that  of 
the  n-volving  body. 

Now,  it  Is  not  hard  to  believe  tbat  the  velocity  of  the  atoms  is  greater 
than  that  of  the  revolving  body;  and,  indeed,  all  tbat  we  have  hereto- 
fore Hiiiil  would  lead  to  the  pretiumption  that  it  ia incomparably  greater. 
Ilt'iKie  the  nyHUun  of  tliin-sown  atoms  moving  iu  every  direction  agrees 
very  well  with  n  condition  of  gravitation  incomparably  greater  than 
th<>  retardation,  and  It  agrees  still,  despite  the  consideration  which  for- 
tlllet  the  (UDlculty  which  we  are  considering,  since  a  velocity  has  always 
tH*c>n  »HKigiii>(l  to  the  atoms  greater  than  would  have  been  necessary  to 
obvlul'i'  tliifl  latter  dlllhmlty  uloue. 

Kcniark :  1  have  said  that  the  retardation  of  a  ^reat  body  caused  by 
the  opiuming  Htream  of  atoms  moving  much  more  rapidly  than  the 
IxKly  itm'll'  would  be  pru[>i>rti<mal  to  the  product  of  the  velo<;ity  of  the 
atoiiiH  by  that  of  the  great  body.  I  shall  first  demonstrate  this  pro|>o- 
silion  with  ri'HjKH^t  to  the  couple  of  opposed  streams  parallel  to  the 
diroi-lioii  of  the  great  body,  and  in  so  doing  I  shall  have  proved  it  for 
tbu  case  of  opposing  streams  oblique  to  this  direction,  siuce  their 
motions  may  be  decomposed  in  two  directions,  the  one  parallel  and  tbe 
other  perjieiidicular  to  tbe  direction  of  tbe  body,  of  which  the  first  is 
nearly  always  much  greater  than  tbe  motion  of  the  body,  and  of  which 
tbe  second  produces  no  effect. 

Demonstration :  The  total  retardation  of  tbe  body  is  tbe  excess  of 
tbe  simple  retardation  it  experiences  from  the  stream  which  it  encoun- 
ters over  the  Himple  acceleration  which  it  experiences  on  the  part  of 
tlie  stream  which  pursues  it.  Now,  these  simple  factors  are  propor- 
tional to  the  aipiares  of  velocities,  which  are  respectively  the  sum  and 
'itterence  of  the  absolute  velocity  of  the  atoms  and  tbe  absolute  veloc- 
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ity  of  the  body.  Gonsequentiy,  the  resnltant  retardation  is  proportional 
to  tbe  excess  of  tbe  sqnare  of  the  sam  over  the  square  of  the  difference, 
which  (by  the  eighth  propositioa  of  the  second  book  of  the  Elements  of 
KucUd)  is  fooT  times  the  prodact  of  the  absolate  velocities  in  question. 

XXV. 

To  the  three  difficulties  above  meDtioned  may  be  rednced  all  those 
which  are  plausible,  since  there  can  be  no  other  changes  in  the  motions 
of  a  heavy  body,  or  in  the  moCtoDs  of  tlie  gravitational  fluid,  or  in  their 
coDstitntion,  except  ttiose  which  proceed  from  some  opposition  or  inter- 
position, either  on  the  part  of  the  particles  of  the  heavy  body,  which 
hinder  the  atoms  composing  the  flaid  from  reaching  their  destination,  or 
&oni  particles  of  the  fluid  itself,  the  one  opposing  the  other,  or,  finally, 
firotn  the  effect  of  the  latter  on  the  path  of  the  beavy  body.  The  solu- 
tions of  all  these  difficulties  depend  either  on  the  permeability  of  the 
heavy  body  or  the  subtlety  and  rapidity  of  the  gravitational  atoms — 
properties  to  none  of  which  we  are  obliged  to  assign  two  opposing 
limits. 

This  last  expression  signifies  that  while  several  considerations  may 
unite  to  angment  the  intensity  of  such  or  such  property,  yet  no  con- 
sideratioQ  requires  a  dimination  in  the  intensity  of  tlie  same  property, 
and  that  reciprocally  no  considerations  tend  to  limit  the  diniinutive- 
ness  of  properties  of  which  certain  other  consideratious  limit  more  and 
more  the  magnitude.  There  are  no  conditions  which  give  opposing 
indications,  and  which  therefore  obstruct  the  choice  of  remedies.  This 
assertion  would  be  tedious  to  establish,  but  very  few  readers  will  con- 
test its  correctness. 

XXVI. 

While  we  speak  of  alterations  and  remedies  it  is  for  me  to  conform 
to  the  irregularity  of  our  ordinary  progress  in  research.  Truth  never 
permits  us  to  discover  her  at  first  seeking,  with  all  her  following  train 
of  verities,  but  we  proceed  gradually  in  discovery  by  tedious  gropings 
and  corrections.  To  this  ])roce(lure  a  writer  ought  aUo  in  some 
measure  to  conform,  in  the  exposition  of  truths  which  be  has  finally 
discovered,  wht-n  the  greatness  or  smal'.uess  of  tbe  objects  discussed 
traniicends  that  of  the  majority  of  those  objects  with  which  we  are 
familiar,  and  when  he  believes  that  bis  reader  will  not  at  first  be  dis- 
posed to  countenatice  suppositious  so  excessive,  but  only  in  a  measure 
as  he  shall  have  shown  him  their  necessity.  For  tbe  reader  will  have 
had  no  perspective  to  apply  to  this  immensity  or  that  dimiiiutiveness 
if  it  has  been  assumed  at  the  start  in  sufficient  measure  to  satisfy  all 
phenomena. 

Tbe  author  might  with  equal  justice  assume  at  the  start  a  magnitude 
or  d  iminutiveness  sufficient  for  the  purpose,  since  in  explaining  the 
pheuomena  the  jthysicist  takes  the  place  {sn  far  as  be  may)  of  the 
Creator — a  being  who,  having  determint-d  precisely  in  advance  all  the 
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coQseqneuces  of  the  different  intensities  which  might  be  given  to  snch 
or  SQch  properties,  has  choseu  in  each  case  that  intensity  most  proper 
to  attain  the  desired  resalt  and  has  precisely  determiaed  the  conse- 
qneuces  without  any  preliminary  trial. 

XXVII. 

All  other  conceivable  objections  are  fonnded  on  certain  regularities  or 
irregnlaritiesof  detail  which  have  not  been  minutely  set  forth,  bat  gra- 
tuitously assnmed,  and  which,  in  consequence,  ought  not  seriously  to  be 
taken  into  account.  Or,  in  the  second  pla<ie,  snch  objections  maybe 
founded  on  the  tenets  of  some  metaphysical  cect.  Before  responding  to 
sueli  objections  I  pray  these  metaphysicists  to  first  agree  among  them- 
selves. Or,  finally,  they  address  themselves  to  the  imagination  rather 
than  to  the  nnderstanding.  Thus  some  may  be  shocked  at  what  in  this 
system  is  extreme,  strange,  or  extraordinary — as  if  it  was  after  our 
gross  and  limited  measures  that  the  subtlety  and  grandeur  of  Nature 
must  be  evaluated !  As  if  a  confused  repugnance  sufficed  to  condemn 
a  theory  which  depends  neither  on  taste  nor  sentiment!  Or  as  if  one 
ought  to  follow  servilely  the  beaten  track,  even  in  researches  where 
DO  success  has  ever  come  to  those  who  have  followed  it! 

XXVUI. 

If  one  is  satisfied  with  the  exact  agreement  of  this  syHtem  with 
physical  astronomy  and  with  terrestrial  phenomena,  he  ought  not  to 
distrust  it,  as  if  this  apparent  conformity  were  the  effect  of  the  artful- 
ness with  which  I  have  adjusted  matters  or  as  if  other  systems  also 
might  be  rectified  so  as  to  agree  thronghont  with  the  phenomena 
should  a  hand  more  skillful  take  the  same  pains  to  accommodate  them 
to  each  other. 

I  have  not  added  to  the  atoms  sung  by  Lncretias  any  feature 
directed  solely  toward  the  explanation  of  the  great  laws  discovered  by 
the  Moderns.  But,  on  the  contrary,  I  have  merely  divested  the  motion 
of  these  atoms  of  an  arbitrary  feature  (the  nearly  perfect  parallelism) 
by  which  Epicams  bad  disfigured  the  unrestricted  motion  assumed  by 
Democritas.  That  was  a  motion  so  simple  that  it  would  appear  as  if 
its  inventor  had  proposed  it  with  no  other  end  but  the  most  absolute 
simplicity,  unconcerned  that  it  might  in  no  way  explain  real  phenom- 
ena, but  rather,  perhaps,  contradict  them;  so  that  it  is  impossible  that 
any  system  can  equal  this  in  simplicity. 

I  would  even  have  had  no  need  to  advise  myself  of  this  correction, 
in  reading  the  poem  of  Lncretius,  if  I  had  been  instructed  beforehand 
in  the  system  of  Lencippns  and  Democ^ritas  as  I  was  long  after  this 
reading. 

Finally,  the  explanations  which  I  have  ofiTered  ought  not  to  be 
regarded  as  in  any  respect  modifications  of  this  system  of  atoms,  for  It 
would  be  impossible  not  to  fall  upon  these  explanations  in  seeking  to 
follow  out  the  necessary  conseqaences  of  this  system. 
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XXIX. 

I  did  not  take  undue  credit  to  myBelf  when  as  a  child  I  rectified  the 
Bystem  taught  by  Lucretius  aud  drew  from  it  immediately  its  most 
iiii(>ortaut  consequences,  for  thin  was  extremely  easy  or  rather  entirely 
natural.  Besides,  1  knew  but  little  more  the  value  and  solidity  of  my 
little  views  than  the  uhild  ordinarily  knows  the  wit  or  sense  which  we 
And  in  its  reparte^-s  and  sallies.  Indeed,  the  extremely  simple  idea  of 
trying  to  explain  the  principal  natural  phenomena  by  the  aid  of  a  sub- 
tle fluid  vigorously  agitated  in  every  direction  has  come  to  many  writers 
who  have  before  presented  it  in  a  vague  and  ill-assured  fashion,  not  to 
mention  that  there  has  been  without  doubt  a  still  greater  number  wbo 
have  not  even  deigned  to  communicate  at  all.  lam  well  convinced  that 
since  the  law  governing  the  intensity  of  universal  gravitation  is  similar 
to  that  for  light,  the  tboaght  will  have  occurred  to  many  physicists 
that  an  ethereal  substauce  moving  in  rectilinear  paths  may  be  the 
cause  of  gravitation,  aud  that  they  may  have  applied  to  it  whatever  of 
skill  in  the  mathematics  they  have  possessed. 

XXX. 

But  we  may  say,  How  is  it  that  none  of  these  physicists  have  pushed 
these  consequences  totheirconclusion  and  commuuicated  theresearcbt 

Doubtless  becaase  the  most  of  tbeu  having  no  clear  view  of  this 
chaos  (of  which  the  first  glance  is,  I  admit,  frightful)  they  have  not 
known  bow  to  disentangle  it  and  subject  it  to  their  calculations.  Or 
not  having  firmly  grasped  the  principles  of  the  theory,  they  have 
allowed  themselves  to  be  seduced  by  specious  sopbisms,  by  which  men 
have  pretended  to  refute  in  advance  all  imaginable  explanations  of 
gravitation.  Or  tbey  will  have  had  the  foible  of  bowing  to  the  author- 
ity of  great  names,  when  it  is  alleged  (whether  justly  or  falsely)  that 
they  have  pronounced  upon  the  impossibility  of  this  or  npon  the  ose- 
lessness  of  that  branch  of  knowledge.  Or  they  have  lacked  sufficient 
love  of  truth  or  courage  of  their  convictions  to  abandon  easy  pleasures 
and  exterior  advantages  in  order  to  devote  themselves  simply  to 
researches  at  the  time  difficult  and  little  welcome.  Or,  finally,  they 
have  failed  to  become  imjiressed  with  the  strength  and  fecundity  of 
this  beautiful  system  so  distinctly  as  to  lead  them,  in  their  enthusiasm, 
to  sacrifice  to  it  their  other  views  and  projects. 

Appendix. 

Uonstitutioiis  which  I  assign  to  heavy  bodies  and  to  the  gravitational 
fluid;  followed  by  a  mathematical  conception  aud  some  remarks  to  fix 
the  ideas  of  geometers  wbo  desire  to  follow  out  fur  themselves  the  con- 
sequences of  this  mechanism,  and  who  may  desire  first  to  know  pre- 
cisely what  are  the  hypotheses  from  which  I  claim  all  the  pbenomeua 
to  follow  necessarily. 
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OOKSTlTtlTION  OF  HEAVY  BODIES. 


first.  Tbeir  iodivlsibld  particleH  are  cages;for  example,  hollow  cubes 
or  ootobedra.  (Tbey  are,  in  otber  words,  skeletons  of  solids  of  which 
there  is  nothing  material  except  the  edges.) 

Second.  The  diameters  of  the  bars  of  these  cages,  even  if  snppoiMHl 
increased  by  the  diameter  of  the  gravitational  corpascles  (as  they  must 
be  in  order  to  conveniently  evaluate  the  portion  of  thu  atoms  inter- 
cepted), are  so  small,  relative  to  the  distances  between  the  parallel  b&rs 
of  the  same  cage,  that  all  the  particles  included  in  the  terrestrial  globe 
intercept  not  the  teu-thoasandth  part  of  the  corpnscles  which  presenfc 
themselves  to  traverse  it. 

Third.  These  diameters  are  alt  eqnal,  or  if  they  are  unequal  their 
iueqaalities  sensibly  compensate  each  other.  If,  for  instance,  in  the 
smallest  portions  of  matter  separately  ponderable  (which,  it  has  been 
stated,  may  weigh  one  thirty-second  part  of  a  grain)  the  mean  diam- 
eter of  the  bars  of  the  one  portion  does  not  differ  a  tenth  part  from  the 
mean  diameter  of  the  bars  of  the  other,  then  it  would  follow  that  in 
the  greatest  ponderable  masses  the  mean  diameters  do  not  differ  by  a 
ten -thousandth  part,  for  every  snch  great  ponderable  mass  ia  com- 
posed of  so  large  a  number  of  indivisible  particles  that  simple  cliance 
suffices  to  almost  perfectly  effect  a  compensation  of  diameters. 

COKSTITUTIOH  OF   GBAVTTATIONAL  COBPUSCLB8. 

First  Conformably  to  the  second  of  the  preceding  suppositions,  the 
diameter  of  the  gravitational  corpuscle  added  even  to  that  of  tbe  bars 
of  the  indivisible  particles  is  so  small  relatively  to  tbe  mutual  distance 
of  the  parallel  bars  of  a  single  cage  that  the  weight  of  celestial  bodies 
does  not  sensibly  vary  from  the  latio  between  their  masses. 

Second.  The  gravitational  corpuscles  are  isolated,  so  that  tbeir 
progressive  movements  are  necessarily  rectilinear. 

Third.  They  are  so  tliinly  ecattered — that  is  to  say,  tbeir  diameters  are 
so  small  relative  to  their  mntnal  mean  distance— that  there  are  no  more 
than  a  few  hundreds  which  encounter  one  another  in  the  course  of  a 
thousand  years.  Hence  the  uniformity  of  their  movements  is  never 
sensibly  disturbed. 

Fourth.  They  move  iu  several  thousand  of  thousands  of  different 
directions,  even  counting  as  one  all  those  which  are  parallel  to  the  same 
line.  The  distribution  of  these  directions  may  be  conceivetl  aa  follows : 
First,  imagine  all  the  points  conceived  to  lie  in  different  directions 
strewn  upon  a  sphere  as  uniformly  as  is  possible,  and  consequently 
separated  from  one  another  by  less  than  a  second  of  arc;  then  imagine 
a  corpuscular  path  radiating  from  each  of  these  points. 

Fifth.  Parallel  to  each  of  these  directions  there  moves  a  stream  or 
torrent  of  corpuscles.  Now,  in  order  to  give  it  no  more  than  the  neces- 
sary size,  the  tr  <:tion  of  this  current  has  tbe  same  contour  as 
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the  orthogoDal  projectiOD  of  the  visible  Qniverse  upon  the  plane  of  this 
section. 

Sixth.  The  different  parts  of  a  single  carrent  are  sensibly  of  eqoal 
density,  either  where  coDtemporary  portions  of  sensible  magnitude  or 
Bucuessive  portions  occupying  sensible  times  iti  traversing  a  given 
Bur&ce  are  compared.  The  densities  of  different  correnta  are  also 
eqnal. 

Seventh,  The  mean  velocity  determined  in  the  same  manner  as  the 
mean  density  is  also  sensibly  constant. 

Eighth.  This  velocity  is  several  thonsaud  times  as  great,  relative  to 
the  velocities  of  the  planets,  as  is  the  gravitation  of  the  planets  toward 
the  sun  relative  to  the  greatest  resistances  which  secniar  observations 
permit  ns  to  suppose  they  experience.  For  example,  several  hundred 
times  greater  relative  to  the  velocity  of  the  earth  than  the  gravitation 
of  the  earth  toward  the  san  multiplied  by  the  number  of  times  tbe 
firmament  would  contain  the  disc  of  the  sun  is  greuter  than  the  greatest 
resistance  which  the  secular  differences  in  the  length  of  tbe  year  permit 
as  to  sappose  the  earth  experiences  from  celestial  matter. 

COMOBPT,  WHICH  PA0ILITATE8  THE  APPLIOATIOM  OF  MATHEMATICS 
TO  DETEBUINE  THE  MUTUAL  INFLUENCE  OF  THE  HEAVY  BODIES 
AND  THE   OOBPUSCLES. 

First  Decompose  all  heavy  bodies  into  equal  masses  so  small  as  to 
allow  them  to  be  treated  without  sensible  error  as  attractive  particles 
are  treated  in  those  theories  of  gravitation  in  which  no  hypothesis  is 
made  as  to  its  canse.  In  snch  n  small  mass  the  effects  of  unequal  dis- 
tauce  and  position  of  its  particles  relative  to  those  of  the  mass  which  is 
conceived  to  attract  it,  and  to  be  attracted  by  it,  may  be  neglected. 
Such  masses  will  have  a  diameter  no  more  than  one  one-bondred- 
thonsandth  as  great  as  the  mutual  distance  of  the  two  masses  under 
examination.  Thus  the  apparent  semidiameter  of  one  as  viewed  from 
the  other  does  not  exceed  one  second. 

Second.  For  the  snrfaces  of  this  mass,  accessible  but  impermeable 
to  the  gravitational  fluid,  substitute  a  single  spherical  surface  equal  to 
their  sum. 

Third.  Decompose  these  first  snrfaces  into  facets  sufficiently  small 
to  be  treated  as  planes  without  sensible  error. 

Fonvth,  Transport  all  these  facets  to  the  spherical  surface  above 
mentioned.  Each  one  of  the  facets  should  in  this  transformation 
occupy  that  point  of  the  ttpherical  snrface  at  which  the  tangent  plane 
is  parallel  to  the  original  position  of  the  facet. 


First.  It  is  not  necessary  to  be  very  expert  to  deduce  apon  these 
suppositions  all  the  laws  of  gravitation,  both  terrestrial  and  universal 
(and  consequently  thi>se  of  Kepler  and  some  others),  with  as  much  of 
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precision  and  more  as  tlie  pfaeDomena  themselves  furaish,  for  these 
laws  are  the  inevitable  consequences  of  the  coustitutious  I  have 


Secoud.  Althongh  I  here  preseut  these  coDstitatioos  cradely  and 
withoal  proof,  as  if  they  were  grataitoas  hypotheses  and  adveotarouii 
flctioua,  the  fair-iniuded  reader  vill  perfectly  comprehend  that  I  have 
at  hand  some  presamptioDS,  at  least,  in  their  favor  (iadependeDt  of  tbe 
perfect  accord  with  all  the  pheoomeua),  but  which  I  withhold  as  too 
extended  for  development  in  this  place.  Ibese  suppositions  may  then 
be  regarded  as  theorems  published  without  demonstration. 

Third.  Their  number  is  likely  tu  inspire  some  oppositioa  at  first 
glance;  but  the  attentive  mind  will  not  f^ll  to  see  that  they  are  but 
details  into  which  I  have  wished  to  enter  because  of  the  novelty  of 
this  doctrine,  and  that  they  will  be  readily  understood  when  it  ahull 
have  become  sufficiently  well  known  that  its  students  may  attend  under 
favorable  circumstances  to  the  details.  If  the  authors  who  have  writ* 
ten  upon  hydrodynamics,  aeronautics,  or  optica  had  had  readers  who 
doubted  the  existence  of  wat«r,  air,  and  light,  and  who  couseqaently 
'  indulged  no  tacit  supposition  upou  equalities  or  compensations  of 
which  no  express  mention  was  made,  they,  too,  would  be  obliged  to  add 
a  great  number  of  explanations  to  their  definitions  which  instructed 
or  indulgent  readers  might  well  dispense  with.  We  do  not  accept  of 
hints,  and  sauo  sensu,  except  for  propositions  which  are  familiar  and  in 
whose  favor  there  is  a  predispositioD. 
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By  O.  E.  GUILLAUMB. 


If  we  compare  onr  present  knovledge  of  tbe  spectrum  with  what  was 
known  even  as  recently  as  ten  years  ago,  we  can  but  mai'vel  at  tbe 
progress  that  has  been  made  in  that  brief  period.  In  1888  the  altra- 
violet  spectram  had  been  investigated  by  M.  Cornn,  bat  only  as  far  as 
the  point  at  which  the  air  totally  absorbs  the  rays.  In  the  infra-red, 
the  region  actually  measured  did  not  extend  below  2  or  3  microns, 
althongh  Laugley  had  explored  for  some  distance  beyond.*  Electrical 
waves  were  then  making  their  first  appearance  and  scientists  were  far 
fh)m  being  in  accord  as  to  their  trae  natare,  few  then  admitting  them 
to  be  identical  in  fundamental  character  with  light. 

To-day  the  spectrum  has  been  continued  a  whole  octave  toward  the 
shorter  wave  lengths  by  means  of  experiments  conducted  in  vacuo. 
The  X  rays  and  the  nraniam  rays,  or  secondary  rays  derived  from  X 
rays,  have  still  farther  extended  the  ultraviolet  spectrum  through 
regions  not  yet  measured.  Electrical  oscillations,  which  from  their 
various  properties  have  been  shown  to  belong  io  the  octaves  below 
those-of  light,  have  now  been  produced  with  wave  lengths  of  about  3 
millimeters;  while  the  infta-red  proper — that  is,  tbe  direct  continuation 
of  the  spectrum  beyond  the  visible  ending  in  the  red — has  extended 
itself  mote  and  more,  bridging  over  the  unknown  region  toward  the 
electrical  waves. 

Progress  in  this  inf^red  region,  after  having  been  singularly  slow 
for  several  years,  has  recently  become  very  rapid.  Extremely  merito- 
rious researches  have  added  largely  to  tbe  older  work,  aud  have  led  to 
results  of  the  highest  interest  in  the  knowledge  of  the  vibratory 
motions  of  the  ether,  which  we  still  continue  to  call  light,  although,  for 
the  physicist,  those  radiations  which  ard  visible  form  but  a  minute  ]>or- 
tioii  of  the  whole. 

Our  readers  will  recall  that  the  inira-red  radiations  are  revealed  to 
us  only  through  their  transformation  into  heat  at  tbe  surface  of  some 
suitable  receiver.    This  is  often  a  thin  strip  of  platinum  or  iron  or 


I  Tronelated  Irom  La  Nature,  No.  1325,  pp.  333-334,  October,  1898. 
*  Tranalator'B  Dote :  This  atatoment  la  slightly  in  error.    Tbe  ware-length  q 
menti  of  Laugley  In  1886  exteaded  as  f)tr  aa  6.3  micTooa. 
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oickel,  blackened,  and  introduced  as  a  resiataoce  to  form  part  of  an 
electric  circuit;  bat  soinetinies  it  ia  a  very  mioute  tbermopile  oaased  to 
afiect  a  highly  sensitive  galvanometer. 

The  production  of  extreme  ialra-red  rays  is  very  simple,  as  all  bodies 
whatsoever  emit  them  constantly.  If,  however,  an  opaqae  body  is  at 
the  same  temperatare  as  the  receiver,  the  radiations  which  it  sends  out 
are  imi>erceptible,  becaase  the  two  bodies  exchange  eqnal  quantities  of 
energy. 

The  hotter  a  body,  the  more  it  emits  radiations  of  all  kinds.  Bot 
the  difficalty  is  to  isolate  separate  bundles  of  these  rays  from  their 
neighbors,  so  as  to  deal  with  rays  of  approximately  the  same  wave 
length.  Prisms  of  most  substances  are  useless  for  these  long  wave 
leugtbs,  as  they  generally  absorb  the  rays  totally,  just  as  lampblack 
does  in  the  visible  spectrum,  while  the  grating,  as  is  well  known,  super- 
poses mauy  orders  of  spectra  having  wave  lengths  which  are  multiples 
of  each  other. 

A  very  ingenious  device  originated  by  the  American  physicist,  >'icfa- 
ols,  has  been  of  very  great  ser^'ice  here.  In  stadying  the  nature  of  the 
radiations  reflected  by  quartz,  Kichols  found  that  the  fraction  reflected 
was  very  slight  through  the  greater  part  of  the  spectrum,  but  increased 
very  greatly  at  certain  regious  in  the  infra-red,  where,  indeed,  this  sub- 
stance seemed  to  have  a  really  metallic  reflection.  These  regions  of 
nearly  total  refle<:tion  were  tolerably  nurrow  and  well  marked.  At  each 
successive  reflection  from  quartz  surfaces  all  the  radiations  become 
more  and  more  enfeebled  by  absorption  in  the  qnartz,  with  the  excep- 
tion of  those  whose  wave  lengths  correspond  to  such  regions  of  metallic 
reflection.  These  bands  thus  become  relatively  stronger  and  stronger 
at  each  reflection  till,  after  four  or  five  reflections,  they  alone  remain 
perceptible. 

By  interposing  a  grating  in  the  path  of  the  beam  the  wave  lengths 
under  investigation  may  be  determined.  The  apparatus  for  this  pur- 
pose is,  however,  quite  different  from  that  employed  in  the  visible  spec- 
tmm.  For  example,  the  grating  is  composed  of  metallic  wires,  each  one  * 
or  two  tenths  of  iv  millimeter  iu  diameter,  and  the  slit  through  which 
the  radiations  pass  may  be  as  much  as  a  centimeter  wide  without  making 
the  spectrum  too  impure.  It  in  not  necessary  that  the  reflecting  sur- 
faces shall  be  polished  with  that  degree  of  accuracy  and  finish  reqaired 
in  the  visible  spectrum.  For  the  proportion  of  radiations  diffusely 
reflected  by  a  surface  depends' not  only  on  the  size  of  the  grains  of  the 
surface,  but  on  tlie  wave  lengths  of  the  radiations  reflected.  Intra-red 
measurements  now  frequently  deal  with  radiations  of  a  wave  length  a 
hundred  times  as  great  na  that  of  green  light,  and  thus  the  optical  sur- 
faces may  be  much  inferior  to  thobe  which  would  be  required  for  work 
in  the  visible  spectrum. 

Quartz  is  not  alone  in  possessing  this  property  of  selective  reflection 
of  which  we  have  been  speaking.    A  great  number  of  other  erystatline 
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BobstanceB  have  oarrow  bands  of  metallic  reflection  at  Tarions  points 
Id  the  spectrum,  and  they  can  be  utilized  in  the  same  way  to  produce 
pure  peucils  of  rays.  With  quartz,  the  principal  of  these  bands  are 
situated  at  wave  lengths  of  Su  and  21/^,  while,  according  to  Rubens  aud 
Aschkinass,  the  rays  reflected  most  completely  by  rock  salt  and  by 
sylvine  have  wave  lengths  respectively  of  61/*  and  61;*.  This  last  wave 
length  is  exactly  one  hundred  times  as  great  as  that  of  the  orange  in 
the  visible  spectrum. 

The  diagram  (Bg.  1)  represents  the  disposition  of  apparatus  in  the 
investigation  of  Rubens  aud  Aschkinass.  At  L  is  the  lamp  sending 
out  its  radiations  to  the  mirror  M|  by  which  the  beam  is  reflected  to 
H].  Between  these  mirrors  is  placed  the  grating  R.  After  leaving 
M,  the  beam  suffers  Ave  reflections  at  the  surfaces  S,  proceeds  then  to 
the  mirror  Hj,  aud  finally  falls  upon  the  receiving  surface  placed  in 


FiQ.  1, — DUgrair  iilia<rlD|[>Tnuij[MnsDtof  apparMnB  fttr  atDdylDg  lalVrnTsd  apaotrani. 

the  small  reflecting  chamber  P.  By  this  latter  device  the  rays  not 
absorbed  at  first  contact  with  the  receiving  surface  are  reflected  back 
upon  it  by  the  walls  of  the  chamber,  aud  thus  serve  more  effectively  to 
warm  it.  A  series  of  screens  is  so  arranged  as  to  exclude  from  this 
chamber  all  stray  light. 

However  interesting  we  may  consider  the  fact  of  the  existence  of 
these  bands  of  selective  reflection,  their  chief  value  lies  in  their  appli 
cation  to  the  purposes  of  investigation.  So  procedure  known  prior  to 
their  discovery  could  be  used  to  separate  homogeneous  pencils  of  rays 
of  these  great  wave  lengths  in  sufficient  intensity  for  an  examination 
of  their  properties. 

One  of  the  first  studies  which  have  been  made  with  regard  to  these 
rays  is  the  transparency  of  various  substances  to  them.  It  has  been 
shown  that  the  rays  separated  by  the  use  of  quartz  traverse  rock  salt 
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qaite  readily,  and  still  morefVeely  the  precipitated  chloride  of  silver. 
The  radiations  peculiar  to  rock  saJC  are  completely  UDtransmisaible  to 
rock  salt  and  chloride  of  silver,  aa  well  as  to  glass,  gypsum,  and  fluor- 
spar, Paraffin  in  layers  of  1  millimeter  thickness  transmits  nearly  half 
of  these  radiations  of  rock  salt,  and  a  comparison  with  the  radiation 
peculiar  to  sylvine  shows  paraffin  becoming  more  and  more  trans- 
parent as  we  proceed  further  iu  the  infra-red.  The  same  is  true  of  the 
transmitting  power  of  quartz,  flnorite,  and  gntta-peroha. 

A  sheet  of  isinglass  transmits  nearly  two-thirds  of  each  of  these 
kinds  of  radiation.  The  authors  therefore  employed  this  sabstance  to 
tbrm'a  cell  in  which  to  put  various  liquids  whose  transparency  was  to 
be  examined.  Carbon-bisnlphide  and  benzine  were  found  to  be  very 
transparent,  petroleum  somewhat  less  so,  and  toluene  and  xylene  still 
more  opaque.  Thus  the  fractions  of  the  rays  separated  by  rock  salt 
which  traversed  1  millimeter  thickness  of  carbon-bisulphide  and  xylene 
were  98  per  cent  and  16  per  cent,  respectively.     The  case  of  olive  oil  is 


Fra,  J.^Tho  aiiviitriini  illvlilsil  Inlo  oolavs*.    Tlie  aluded  p*rU  bais  Dot  bean  expo««d. 

singular.  While  completely  opaque  to  rays  of  the  wave  length  61/j,  a 
layer  of  it  1  millimeter  thick  transmits  20  per  cent  of  those  at  61^. 
Water,  alcohol,  and  ether  are  completely  opaque  to  both  these  kinds  of 
radiations,  and  while  carlinnic-acid  vapor  absorbs  them  bnt  slightly, 
water  vapor  absorbs  them  almost  completely.  v 

These  observations  show  us  anew  how  msirked  are  the  difTereoces  in 
the  properties  of  ether  waves  of  slightly  different  periods  of  oscillation. 
It  appears,  according  to  modern  theories,  that  if  a  substance  is  trans- 
parent at  one  region  of  the  spectrum,  it  is  necessarily  opaque  at  some 
other.  Indeed,  if  we  except  the  case  of  the  metals,  we  mast  search  for 
substHnces  transparent  in  the  iufra-red  among  thoise  opaque  to  visible 
radiations. 

Nothing  more  <;learly  indicates  the  great  generalization  in  the  notion 
of  liglit  that  has  taken  place  in  the  last  decade  than  the  simple  statis- 
tics  of  comparison  between  the  extent  of  si>ectrum  as  now  known  and 
the  narrow  visible  streb^L  included  between  the  violet  and  the  red. 

This  comparison  becomes  clearer  iu  a  graphic  representation,  which 
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can  be  made  by  either  of  the  two  following  methods :  The  wave  lengths 
may  be  plotted  as  abscissEe  apou  a  simple  arithmetical  scale,  or  for 
them  may  be  sabstitnted  their  logarithms,  so  as  to  make  a  geometrical 
scale  iu  which  each  octave  of  light  occupies  an  equal  space  in  counter- 
part:  to  the  keyboard  of  a  piano.  The  second  method  i»  the  more 
rfltional,  inasmuch  as  it  gives  to  each  part  of  the  spectrum  a  space  more 
in  proportion  to  its  importance. 

The  diagram  (lig.  2}  has  been  prepared  iu  conformity  with  the  second 
scheme.' 

The  light  spaces  in  the  diagram  correspond  to  the  spectrum  now 
kDowii,  while  the  shaded  portions  represent  spectral  regions  not  yet 
explored.  The  light  portion  grows  continually,  and  there  now  remains 
unknown  only  a  small  regiou  to  remind  us  of  the  part  formerly  in 
obscurity. 

'  The  octav«8  in  the  figare  are  nDmbered  arbttratily  and  arranged  in  the  opposite 
direction  to  the  maBical  octarea  on  a  piano  keyboard.  That  is,  tlie  octaves  of  nidia- 
tioiiB  of  more  rapid  vibration,  whioh  may  be  compaied  to  higher  muaioal  pitches,  are 
npnn  (tie  left.  It  would  be  naeful  to  adopt  lome  fixed  niimberiiig  for  the  ootavoe  of 
radiation. 
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THE  CHEMISTRY  OF  THE  STAKS.' 
By  Sir  Norman  Lockybr. 


When,  on  retarniDg  from  India,  I  found  that  yoit  bad  daring  my 
absence  done  tne  the  honor  of  uuauimoasly  electing  me  your  president, 
I  began  to  caat  abotit  for  a  subject  on  which  to  address  yon.  Cnriously 
enough,  shortly  afterwards  an  official  iu<juiry  compelled  me  to  make 
myself  acquainted  with  the  early  doings  of  the  Royal  Commission  of 
tbo  Exhibition  of  1851,  on  which  I  have  lately  been  elected  to  serve, 
and  ill  my  reading  1  found  a  full  acconnt  of  the  establishment  of  your 
institute ;  of  tfaelaying  of  the  fooudation  stone  by  the  late  Prince Oonaort 
ill  1855,  and  of  his  memorable  speeuli  ou  that  occasion.  Here,  I  thought, 
was  my  subject;  and  when  I  heard  that  the  admirable  work  done  by 
this  and  other  local  institntious  had  determined  the  inhabitants  of  this 
im[>ortant  city  and  neighborhood  to  crown  the  edifice  by  the  foundation 
of  a  university,  I  thought  the  matter  settled. 

This  idea,  however,  was  nipped  iu  the  bud  by  a  letter  which  informed 
me  that  the  hope  had  beeu  expresseil  that  I  should  refer  to  some  branch 
of  astronomical  worli.  I  yielded  at  once,  and  because  I  felt  that  I  might 
thus  be  abletoKliowcanse  why  the  making  of  knowledge  should  occupy 
a  large  place  in  your  new  university,  and  thus  distinguish  it  from  other 
universities  more  or  leas  decadent 

The  importance  of  practical  work,  the  educational  value  of  the  seek- 
ing after  truth  by  experiment  and  observation  on  the  part  of  even  yooug 
students,  are  now  generally  recognized.  That  battle  has  been  fought 
and  won.  But  there  is  a  tendency  in  the  official  direction  of  seats  of 
learning  to  consider  what  is  known  to  be  useful,  because  it  is  used,  in 
the  first  place.  The  fact  that  the  unknown,  that  is  the  unstudied,  is 
the  mine  from  which  all  scientitic  knowledge  with  its  million  applica- 
tions has  been  won  is  too  often  forgotten. 

Bacon,  vtio  was  the  Qrst  to  point  out  the  importance  of  experiment 
in  the  physical  sciences,  and  who  predicted  the  applications  to  which  I 
have  referred,  warns  us  that  *<lucifera  experimenta  noii  fructifera  qnae- 
renda; "  and  surely  we  should  highly  prize  those  results  which  enlarge 

'  An  inaugural  address  ilelivered  at  the  Biriningbain  aud  Midland  Inititnte  ou 
October  26,  1898,  by  Sir  Nonnan  Luckyer,  K.  C.  B.,  F.  R.  S.,  president.  Printeil  in 
Natare,  Novenil>er  10, 1898.     Vol.  59,  No.  1516. 
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the  domain  of  bnmaD  tboofrlit  and  help  ue  to  anderatand  the  mechanism 
of  the  wouderful  aniverBe  iu  which  oar  lot  is  otst,  as  well  as  tboa« 
which  add  to  the  comfort  and  the  couvenieuce  of  oar  lives. 

It  would  be  altio  easy  to  show  by  many  instauces  how  researches, 
considered  ideally  ageless  at  the  time  they  were  made,  have  been  the 
origin  of  the  moat  tremendoaa  applications.  One  iostance  saffices. 
Faraday's  trifling  with  wires  and  magnets  has  already  landed  as  in  one 
of  the  ^eatest  revolotionB  which  civilization  has  witnessed;  and  where 
the  triumphs  of  electrical  science  will  stop  no  man  can  say. 

This  is  a  case  in  which  the  nseless  has  been  rapidly  sablimed  into 
utility  so  far  as  our  material  wants  are  concerned. 

I  propose  to  bring  to  your  notice  another  "  useless  "  obserration  sug- 
gesting a  line  of  ingairy  which  I  believe  sooner  or  later  is  destiiic^d 
profoundly  to  i  jdnence  haman  thought  along  many  lines. 

Fraunhofer  at  the  beginning  of  this  century  examined  sunlight  and 
starlight  through  a  prism.  He  found  that  the  light  received  i^m  the 
san  differed  fh>m  that  of  the  stars.  So  nseless  did  his  work  appear 
that  we  had  to  wait  tor  half  a  century  till  any  considerable  advance 
WAS  made.  It  was  found  at  last  that  the  strange  "lines" seen  and 
named  by  Fraunhofer  were  precious  indicatious  of  the  chemical  sub- 
stances present  in  worlds  immeasurably  remote.  We  had,  after  half  a 
century's  neglect,  the  foundation  of  solar  and  stellar  chemistry,  an 
advance  in  knowledge  equaling  any  other  in  its  importance. 

In  dealing  with  my  subject  I  shall  first  refer  to  the  work  which  has 
been  done  in  more  recent  years  with  regard  to  this  chemical  condition- 
ing of  the  atmospheres  of  stars,  and  alterwards  very  briefly  show  how 
this  work  carries  as  into  still  other  new  and  wider  fields  of  thought. 

Tbe  first  important  matter  which  lies  on  the  surface  of  such  a  general 
inqairy  as  this  is  that  if  we  deal  with  the  chemical  elements  as  judged 
by  the  lines  in  their  spectra  we  know  for  certain  of  the  existence  of 
oxygen,  of  nitrogen,  of  argon,  representing  one  class  of  gases,  iu  no 
celestial  body  whatever;  whereas,  representing  other  gases,  we  have  a 
tremendous  demonstration  of  the  existence  of  all  the  known  lines  of 
hydrogen  and  belinm. 

We  see,  then,  that  the  celestial  sorting  out  of  gases  is  quite  different 
from  the  terrestial  one. 

Taking  the  substances  classed  by  the  chemist  as  nonmetals,  we  find 
carbon  and  silicium — I  prefer,  on  account  of  its  stellar  behavior,  to  call 
it  silicium,  though  it  is  old  fashioned — present  in  celestial  phenomena. 
We  have  evidence  of  this  in  the  foctthat  we  have  a  considerable  devel- 
opment of  carbon  in  some  stars  and  an  indication  of  silicium  in  others. 
But  thesQ  are  the  only  nonmetals  observed.  Now,  with  regard  to  the 
metallic  substances  which  we  find,  we  deal  chiefly  with  calcium,  stron- 
tium, iron,  and  magnesium.  Others  are  not  absolutely  absent,  but  their 
percentage  quantity  is  su  small  that  they  are  negligible  in  a  general 
statement. 
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Now  do  these  chemical  elements  exist  indiscriminately  in  all  the 
celestial  bodies,  so  tbat  practically,  from  a  chemical  point  of  view,  the 
bodies  appear  to  us  of  similar  chemical  coDstitation  1    No ;  it  is  not  so. 

From  tlie  spectra  of  those  stars  which  resemble  the  san,  in  that  they 
coDsist  of  an  interior  nucleas  surrounded  by  an  atmosphere  which 
absorbs  the  light  of  the  oaclens,  and  which,  therefore,  we  study  by 
means  of  this  absorption,  it  is  to  be  gathered  that  the  atmospheres  of 
aome  stars  are  chiefly  gaseoas — i.  e.,  condsting  of  elements  we  recog- 
uize  as  gases  here— of  others  chiefly  metallic,  of  others  again  mainly 
composed  of  carbon  or  componnitt  of  carbon. 

Here,  then,  we  have  spectroscopically  revealed  the  fact  that  there  is 
considerable  variation  in  the  chemical  constituents  which  build  ap  the 
stellar  atmospheres. 

This,  thongh  a  general,  is  still  an  isolated  statement  Can  we  con- 
nect it  with  another  T  One  of  the  laws  formulated  by  Kirchhofi'in  the 
infancy  of  spectroscopic  inquiry  has  to  do  with  the  kind  of  radiation 
given  ont  by  bodies  at  different  temperatores.  A  poker  placed  in  a 
fire  first  becomes  red  and,  as  it  gets  hotter,  white  hot  Examined  in 
s  spectroscope,  we  find  that  the  red  condition  comes  from  the  absence 
of  bine  light ;  that  the  white  condition  comes  fi«m  the  gradual  addition 
of  blue  as  the  temperature  increases. 

The  law  affirms  that  the  hotter  a  mass  of  matter  is  the  farther  its 
spectrum  extends  into  the  ultraviolet. 

Hence  the  hotter  a  star  is  the  farther  does  its  complete  or  continuons 
spefitmm  lengthen  ont  toward  the  ultraviolet  and  the  less  is  it  absorbed 
by  cooler  vapors  in  its  atmosphere. 

Now,  to  deal  with  three  of  the  mnin  groups  of  stars,  we  find  the  fol- 
lowing very  general  result: 

Gmmim  store LongMt  exMctnim. 

Metallic  etan Hedinm  spec  tram. 

CarboDStara Shorteat  ipecb^m. 

W«  have  now  associated  two  different  series  of  phenomena,  and  we 
are  enabled  to  make  the  following  statement:  ^ 

Oas«ous  Btora Highest  temperatnre. 

HetolliOBtan Hediam  temperatare. 

Carbon  stars Lowwt  tomperatare. 

Hence  the  differences  in  apparent  chemical  constitutions  are  associ- 
ated with  differences  of  temperature. 

Can  we  associate  with  the  two  to  which  I  have  already  called  atten- 
tion still  a  third  class  of  factsT  Laboratory  work  enables  as  to  do  this. 
When  I  began  my  inquiries  the  idea  was,  one  gas  or  vapor  one  spec- 
trum. We  now  know  that  this  is  not  true;  the  systems  of  bright  lines 
given  ont  by  radiating  sobBtances  change  with  the  temperature. 

We  can  get  the  spectrum  of  a  well-known  compound  substance — say 
carbonic  oxide;  it  is  one  special  to  the  compootid;  we  increaw  tlie 
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temperature  so  as  to  break  op  the  compound,  and  we  then  get  the 
spectra  of  its  coDStitaents,  carbon  and  oxygen. 

Bnt  tbe  important  tbing  in  the  present  connection  is  tbat  tbe  spectra 
of  the  chemical  elements  behave  exactly  in  the  same  way  as  tbe  spectra 
of  known  componnds  do  when  we  employ  temperatores  far  higher  than 
Ibose  which  break  up  the  componnds;  and  indeed  iu  some  cases  tbe 
changes  are  more  marked.  For  brevity  I  will  take  for  pnrposes  of 
illustration  three  sobstaoces,  and  deal  with  one  increase  of  temperatare 
only,  a  considerable  one  and  obtainable  by  rendering  a  sobstaoce  incao- 
descent,  first  by  a  direct  current  of  electricity,  as  hapiiens  iu  tbe 
so-called  "arc  lamps"  employed  in  electric  lighting,  and  next  by  tbe 
employment  of  a  powerful  induction  coil  and  battery  of  leyden  jars. 
In  laboratory  parlance  we  pass  thns  from  tbe  arc  to  tbe  jar-spark.  In 
the  case  of  magnesium,  iron,  and  calcium,  the  changes  observed  on 
passing  from  the  temperature  of  the  arc  to  tbat  of  the  spark  have 
been  minutely  observed.  In  each,  new  lines  are  added  or  old  ones  are 
intensified  at  tbe  higher  temperature.  Such  lines  have  been  termed 
"enhanced  lines." 

These  enhanced  lines  are  not  seen  alone;  outside  the  region  of  high 
temperatare  in  which  thi-y  are  produced,  the  cooling  vapors  give  us  the 
cool  lines.  Still  we  can  conceive  tbe  enhanced  lines  to  be  seen  alone  at 
tbe  highest  temperature  iii  a  space  sufficiently  slitelded  from  tbe  action 
of  all  lower  temperatures,  but  such  a  shielding  is  beyond  our  laboratory 
expedients. 

In  watching  the  appearance  of  these  special  enhanced  lines  in  stellar 
spectra  we  have  a  third  series  of  phenomena  available,  and  we  find  that 
the  results  are  absolutely  in  harmony  with  what  has  gone  before.    Thus: 

Oaseaoa  sturs.. Highest  temperature.-     Strong  faelinm  and  faint  enhanced  lioefl. 

Carbon  stars.. Lowest  teniperature. ..     Faint  are  lines. 

It  is  clear  now,  not  only  tbat  the  spectral  changes  in  stars  are  associ- 
ated with,  or  produced  by,  changes  of  temperature,  but  that  tbe  study 
of  tbe  enhanced  spark  and  tbe  arc  lines  lands  us  in  the  possibility  of  a 
rigorous  stellar  thermometry,  such  lines  being  more  easy  to  observe 
than  the  relative  lengths  of  spectrum. 

Accepting  this,  we  can  take  a  long  stride  forward  and,  by  carefully 
stodying  the  chemical  revelations  of  the  spectrum,  classify  the  stars 
along  a  tine  of  temperature.  But  which  Hue  T  Wereallthestarsiu  popu- 
lar phraseology  created  bott  If  so,  we  should  simply  deal  with  the  run- 
ning down  of  temperature,  and  because  all  the  hottest  stars  are  chem- 
ically alike,  all  cooler  stars  would  be  aliiie.  But  there  are  two  very 
distinct  groups  of  coolest  stars;  and  since  there  are  two  dififerent  kinds 
of  coolest  stars,  and  only  one  kind  of  hottest  stars,  it  can  not  be  merely 
a  Questiou  eittV"* '''  a  rUli     <  up  or  a  running  down  of  temperature. 
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Man;  years  of  very  detailed  inquiry  have  convinced  me  that  all  stars 
save  the  hottest  inost  be  sorted  oat  ipto  two  series — those  getting  botter 
and  those,  like  oar  san,  getting  cooler,  and  tbat  the  hottest  stage  in  the 
history  of  a  star  is  reached  near  the  middle  of  its  life. 

The  method  of  inquiry  adopted  has  been  to  compare  large-scale  photo- 
graphs of  the  spectra  of  the  different  stars  taken  by  my  assistants  at 
Soath  KenaiugtoD ;  the  complete  harmony  of  the  results  obtained  along 
various  lines  of  other  irork  carries  cODviction  with  it. 

We  find  ourselves  here  in  the  presence  of  minute  details  exhibiting 
tbe  workings  of  a  chemical  law,  associated  distinctly  with  temperatnie ; 
and  more  than  this,  we  arealso  in  the  presence  of  high  temperature  fur- 
naces, entirely  shielded  by  their  vastness  from  the  presence  of  those  dis- 
tracting phenomena  which  we  are  never  free  from  in  the  most  perfect 
conditions  of  experiment  we  can  get  here. 

What,  then,  is  the  chemical  lawt  It  is  this:  In  the  very  hottest 
stars  we  deal  with  the  gases  hydrogen,  helium,  and  doubtless  others 
Btill  unknown,  almost  exclusively.  At  the  next  lowest  temperatures 
we  find  these  gases  being  replaced  by  metals  in  tbe  state  in  which  they 
are  observed  in  our  laboratories  when  the  most  powerful  Jar-spark  is 
employed.  At  a  lower  tempemture  still  tbe  gases  almost  disappear 
entirely,  and  tbe  metals  exist  Id  tbe  state  produced  by  the  electric  arc. 
Certain  typical  stars  showing  these  chemical  changes  may  be  arranged 
as  follows: 


SUngsl 

tiDg  hoHsr. 

Hottsit 

■tan. 

sun  cooling. 

Bellat^*     

CTMri 

/SPereel 

Blgel 

rLyra 

aCygni 

Cutor 

rCygni 

Procyon 

a  Orionis 

Arotarns  »Dd  Sqd. 

This,  then,  is  the  result  of  our  first  inquiry  into  the  existence  of  the 
various  chemical  elements  in  the  atmospheres  of  stars  generally.  We 
get  a  great  diversity,  and  we  know  that  this  diversity  accompanies 
changes  of  temperature.  We  have  also  fonnd  that  the  snn,  which  we 
independently  know  to  be  a  cooling  star,  and  Arctnrus  are  identical 
chemically. 

We  have  now  dealt  with  the  presence  of  the  various  chemical  ele- 
ments generally  in  tbe  atmospheres  of  stars.  The  next  point  we  have 
to  consider  is,  whether  the  absorption  which  the  spectrum  indicates  fur 
ns  takes  place  from  top  to  bottom  of  the  atmosphere  or  only  in  certain 
levels. 

In  many  of  these  stars  the  atmosphere  maybe  millions  of  miles  high. 
In  each  tbe  chemical  substances  in  the  hottest  and  coldest  portions 
may  be  vastly  different.  The  region,  therefore,  in  which  this  absorp- 
tion takes  place,  which  spectroscopically  enables  us  to  discriminato 


D.qitizeabyG00l^lc 


172  THE   CHBMISTBY  OF  THE  BTAB8. 

star  from  star,  most  be  accorately  known  before  we  can  obtain  the 
greatest  amoaut  of  informatiOD  frosi  onr  inqniries. 

Our  ne^t  duty  then,  clearly,  is  to  stndy  the  sou — a  star  so  near  ns 
that  we  can  examine  the  different  parts  of  its  atmosphere,  wliich  we 
can  not  do  in  the  case  of  the  more  distant  stArs.  By  doing  this  we 
may  secure  facts  which  will  enable  as  to  ascertain  in  what  parts  of  the 
atmosphere  the  absorption  tabes  place  which  produces  the  various  phe- 
nomena on  which  the  chemical  classification  has  been  based. 

It  is  obvious  that  the  general  spectmrn  of  the  sun,  like  that  of  stars 
generally,  is  built  up  of  all  the  absorptions  which  can  make  themselves 
felt  in  every  layer  of  its  atmosphere  Irom  bottom  to  top;  that  is,  f^om 
the  photosphere  to  the  outermost  part  of  the  corona.  Let  me  remind 
you  that  this  spectrum  is  changeless  from  year  to  year. 

Now,  sun-spots  are  disturbances  produced  in  the  photosphere;  and 
the  chromosphere,  with  its  disturbances,  called  prominences,  lies  directly 
above  it.  Here,  then,  we  are  dealing  with  the  lowest  part  of  the  snn's 
atmosphere.  We  find  first  o^  all  that,  in  opposition  to  the  changeless 
general  spectrum,  great  changes  occur  with  the  sun-spot  period,  both  in 
the  spots  and  chromosphere. 

The  spot  spectrum  is  Indicated,  as  was  fonnd  in  1866,  by  the  widening 
of  certain  lines;  the  chromospheric  spectrum,  as  was  fonnd  in  1868,  by 
the  appearance  at  the  snn's  limb  of  certain  bright  lines.  In  both  cases 
the  lines  afl'ected,  seen  at  any  one  time,  are  relatively  few  in  number. 

In  the  spot  spectrum,  at  a  sun  spot  minimum,  we  find  iron  lines 
chiefly  affected;  at'a  maximum  they  are  chiefly  of  unknown  or  unfa- 
miliar origin.  At  the  present  moment  the  affected  lines  are  those 
recorded  in  the  spectra  of  vanadium  and  scandium,  with  others  never 
seen  in  a  laboratory.  That  we  are  here  far  away  from  terrestrial 
chemical  conditions  is  evidenced  by  the  fact  that  there  is  not  a  gram 
of  scaudiom  available  for  laboratory  nse  in  the  world  at  the  present 
time. 

Then  we  have  the  spectrum  of  the  prominences  and  the  chromosphere. 
That  spectmm  we  are  enabled  to  observe  every  day  when  the  son 
shines  as  conveniently  as  we  can  observe  that  of  sun  spots.  The  chro- 
mosphere is  fnll  of  marvels.  At  first,  when  onr  knowledge  of  spectra 
was  very  much  more  restricted  than  now,  almost  all  the  lines  observed 
were  unknown.  In  1868  I  saw  a  line  in  the  yellow,  which  I  fonnd 
behaved  very  much  like  hydrogen,  though  I  could  prove  that  it  was  not 
due  to  hydrogen;  for  laboratory  use  the  substance  which  gave  rise  to 
it  I  called  helinm.  Next  year  I  saw  a  line  in  the  green  at  1474  of 
Kirchhoff's  scale.  That  was  an  unknown  line,  but  iu  some  subsequent 
researches  I  traced  it  to  iron.  From  that  day  to  this  we  have  observed 
a  large  number  of  lines.  They  have  gradually  been  dragged  out  from 
the  region  of  the  unknown,  and  many  are  now  recognized  as  enhanced 
lines,  to  which  I  have  already  called  attention  as  appearing  iu  the 
spectra  of  metals  at  a  very  liigh  temperature. 
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Bat  useful  as  tbe  method  of  obMrving  the  chromosphere  without  an 
eclipse,  which  enables  as 

"...     to  feel  trom  world  to  world," 

as  Tennyson  has  put  it,  has  proved,  we  want  an  eclipse  to  see  it  foce  to 
fiice. 

•  A  tremendoas  flood  of  light  haa  been  thrown  apon  it  by  the  use  of 
large  instniments  conBtracted  on  a  plan  devised  by  Respigbi  and  myself 
in  1871.  These  give  us  an  image  of  the  chromosphere  painted  in  each 
one  of  its  radiations,  so  that  the  exact  locns  of  each  chemical  layer  is 
revealed.  One  of  the  iustr'nments  employed  daring  the  Indian  eclipse 
of  this  year  is  that  ased  in  photographing  the  spectra  of  stars,  so  that 
it  is  now  easy  to  place  photographs  of  the  spectra  of  the  chromosphere 
obtained  during  a  total  eclipse  and  of  the  yarious  stars  side  by  side. 

I  have  already  pointed  out  that  the  chemical  olassiflcation  indicated 
that  the  stars  next  above  the  san  in  temperatare  are  repcesented  by  y 
Oygni  and  Procyon,  one  on  the  ascending,  the  other  on  the  descending 
branch  of  the  temperatare  carve. 

Studying  the  spectra  photographed  daring  the  eclipse  of  this  year 
we  see  that  practically  the  lower  part  of  the  sun's  atmosphere,  if  present 
by  itself,  would  give  as  the  lines  which  specialize  the  8|iectra  of  y  Cygni 
or  Procyon. 

I  recognize  in  this  result  a  veritable  Hoaetta  stone,  which  will  enable 
OS  to  read  the  celestial  hieroglyphics  presented  to  us  in  stellar  Kpectra, 
and  help  us  to  study  the  spectra  and  to  get  at  results  much  more  dis- 
tinctly and  certainly  than  ever  before. 

One  of  the  most  important  conclusions  we  draw  fh>m  the  Indian 
eclipse  is  that,  for  some  reason  or  other,  the  lowest,  hottest  part  of  the 
snn's  atmosphere  does  not  write  its  record  among  the  lines  which  build 
ap  the  general  spectrum  so  effectively  as  does  a  higher  one. 

There  was  another  point  especially  imiwrtant  on  which  we  hoped  for 
information,  and  that  was  this:  Up  to  the  employment  of  the  prismatic 
camera  insufficient  attention  had  been  directed  to  the  fact  that  in  obser- 
vations made  by  an  ordinary  spectroscope  uo  true  mcasureof  the  height 
to  which  the  vapors  or  gases  Extended  above  the  sun  could  be  obtaiiie<) ; 
early  observations,  in  fJMt,  showed  the  existence  of  ^are  between  the 
observer  and  the  dark  moon;  hence  it  must  exist  between  us  and  the 
sun's  surroundings. 

The  prismatic  camera  gets  rid  of  the  effects  of  this  glare,  and  its 
results  indicate  that  the  effective  absorbing  layer — that,  namely,  which 
gives  rise  to  the  Frannhofer  lines — is  much  more  restricted  in  thick- 
ness than  was  to  be  gathered  from  the  early  observations. 

We  are  justified  in  extending  these  general  couolasions  to  all  the 
stars  that  shine  in  the  heavens. 

So  much  then,  in  brief,  for  solar  teachings  in  relation  to  the  record  of 
the  absorption  of  the  lower  parts  of  stellar  atmospheres. 
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Let  us  next  turn  to  the  higher  portions  of  the  solar  snrronndings,  to 
see  if  we  can  get  any  eflective  help  from  them. 

In  this  matter  we  are  dependent  absolntely  upon  eclipses,  and  I  shall 
fulfill  my  task  very  badly  if  I  da  not  show  yon  that  the  phenomena  then 
observable  when  the  so-called  corona  is  visible,  fail  of  awe  and  grandeor 
to  all,  are  at^o  full  of  precious  teaching  to  the  studeut  of  science.  This 
also  varies  like  the  spots  and  prominences  with  the  snn-spot  period. 

It  happened  that  I  was  the  only  person  that  saw  both  the  eclipse  of 
1S71  at  the  maximum  of  the  sun-spot  period  and  that  of  1878  at  mini- 
mam;  the  corona  of  1871  was  as  distinct  from  the  corona  of  1878  as 
anything  could  be.  In  1871  we  got  nothing' but  bright  lines,  indicating 
the  presence  of  gases;  namely,  hydrogen  and  another,  since  provision- 
ally called  coronium.  In  1878  we  got  no  bright  lines  at  all,  so  I  stat«d 
that  probably  the  changes  in  the  chemistry  and  appearance  of  the 
corona  wonld  be  found  to  be  depeudeut  upon  the  sun-spot  period,  and 
recent  work  has  borne  out  that  suggestion. 

1  have  now  specially  to  refer  to  the  corona  as  observed  and  photo- 
graphed this  year  in  India  by  means  of  tbe  prismatic  camera,  remark- 
ing that  an  important  point  in  the  use  of  the  prismatic  camera  is  that 
it  enables  us  to  separate  the  spectrum  of  the  corona  from  that  of  the 
prominences. 

One  of  the  chief  results  obtained  is  tbe  determination  of  the  position 
of  several  lines  of  probably  more  than  one  new  gas,  which,  so  far,  have 
not  been  recognized  as  existing  on  the  earth. 

Like  the  lowest  hottest  layer,  for  some  reason  or  other,  this  upper 
layer  does  not  write  its  record  among  the  lines  which  build  up  the 
general  spectrum. 

GENEBAX     EEStXTR     BEGAEDINO    THE    LOCDS    OF    ABSORPTION     IK 
STELLAB  ATMOSPHERES. 

We  learn  from  the  sun,  then,  that  the  absorption  which  defines  the 
spectrum  of  a  star  is  the  absorption  of  a  middle  region,  one  shielded 
both  from  the  highest  temperatui'e  of  the  lowest  reaches  of  the  atmos- 
phere, where  most  tremendous  changes  are  continually  going  on  and 
the  external  region  where  the  temperature  must  be  low,  and  where  the 
metallic;  vapors  must  condense. 

If  this  is  true  for  the  sun  it  must  be  equally  true  for  Arcturus,  which 
exactly  resembles  it.  I  go  farther  than  this,  and  say  that  in  the  pres- 
ence of  such  definite  results  as  those  1  have  brought  before  you  it  is 
not  philosophical  to  assume  that  tbe  absorption  may  take  place  at  the 
bottom  of  the  atmosphere  of  one  star  or  at  the  top  of  tbe  atmosphere 
of  another.    The  onus  proband!  rests  upon  those  who  hold  such  views. 

So  far  I  have  only  dealt  in  detail  with  the  hotter  stars,  but  I  have 
pointed  out  that  we  have  two  distinct  kinds  of  coolest  ones,  the  evideni'e 
'  their  much  lower  temperature  being  the  shortness  of  their  spectra. 
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In  one  of  tbese  groaps  we  deal  vitb  absorpttoD  alone,  as  in  those 
already  conaidered;  we  find  an  important  break  in  the  phenomena 
observed;  belinm,  hydrogen,  and  metals  have  practically  disappeared, 
and  we  deal  with  carbon  absorption  alone. 

But  the  other  groap  of  coolest  stars  presents  as  with  quite  new  pbe- 
Doniena.  We  no  longer  deal  with  absorption  alone,  bat  accompanying 
it  we  have  radiation,  so  that  the  spectra  contain  both  dark  lines  and 
bright  ones.  Now,  since  sncb  spectra  are  visible  In  the  case  of  new 
stars,  the  ephemera  of  the  skies,  which  may  be  aaid  to  exist  only  for  an 
instant  relatively,  and  when  the  disturbance  which  gives  rise  to  their 
sndden  appearance  has  ceased  we  find  their  places  occnpied  by  neb- 
nlfe,  we  can  not  be  dealing  here  with  stars  like  the  san,  which  has 
already  taken  some  millions  of  years  to  slowly  cool,  and  requires  more 
millions  to  complete  the  process  into  invisibility. 

The  bright  lines  seen  in  the  large  number  of  pertoaneot  stars  which 
resemble  these  fleeting  ones— new  stars,  as  they  are  CE^ied — are  those 
discerned  in  the  once  mysterious  nebalis  which,  so  far  fh>m  being  stars, 
were  snpposed  not  many  years  ago  to  represent  a  special  order  of 
created  things. 

Kow  the  nebulfe  differ  from  stars  generally  in  the  fact  that  in  their 
spectra  we  have  practically  to  deal  with  radiation  alone;  we  study  them 
by  their  bright  lines;  the  conditions  which  produce  the  absorption  by 
which  we  study  the  chemistry  of  the  hottest  stars  are  absent. 

A  NEW  VIEW  OF  STABS. 

Here,  tben,'We  are  driven  to  the  perfectly  new  idea  that  some  of  the 
cooler  bodies  in  the  heavens,  the  temperature  of  which  is  iucreasing  and 
which  appear  to  ua  as  .star^,  are  really  disturbed  nebulu\ 

What,  then,  is  the  chemistry  of  the  nebula: t  It  is  mainly  gaseous; 
the  lines  of  heliam  and  hydrogen  and  the  dutjngs  of  carbou,  already 
studied  by  tbeir  absorption  in  the  groups  of  stars  to  which  I  have 
already  referred,  are  present  as  bright  ones. 

The  presence  of  the  Hues  of  the  metals  iron,  calcium,  and  probably 
magnesium,  shows  us  that  we  are  not  dealing  with  gases  merely. 

Of  the  enhanced  metallic  lines  there  are  none;  only  the  low  temper- 
ature lines  are  i)reseiit,  so  far  as  wo  yet  know.  The  temperature,  then, 
is  low,  and  lowest  of  all  in  those  nebulie  where  carbou  flutings  are  seen 
almost  alone. 

A  NEW  VIEW  OF  NEBULA. 

Passing  over  the  old  views,  among  them  one  that  the  nebulae  were 
holes  in  something  dark  which  enabled  us  to  see  something  bright 
beyond,  and  another  that  they  were  composed  of  a  Bery  fluid,  I  may 
say  that  not  long  ago  they  were  snpposed  to  be  masses  of  gases  only, 
existing  at  a  very  high  temperature. 

14ow,  since  gases  may  glow  at  a  low  temperature  as  well  as  at  a  high 
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oue,  the  temperatare  evidence  mnst  depend  upon  the  preseDce  of  coed 
metallic  lines  and  the  absence  of  the  enhanced  ones. 

The  uebalse,  then,  are  relatively  cool  collectiona  of  some  of  the  per- 
naunent  gases  and  of  some  eool  metallic  vapors,  aud  both  gases  and 
metals  are  precisely  those  I  have  referred  to  as'writing  their  records 
most  visibly  in  stellar  atmospheres. 

Now,  can  we  get  more  information  concerning  this  association  of  cer- 
tain gases  aud  metalsf  In  laboratory  work  it  is  abundantly  recog- 
nized that  all  meteorites  (and  many  minerals)  when  slightly  heated 
give  oat  permanent  gases,  and  nnder  certain  conditions  the  spectmm 
of  the  nebalie  may  in  this  way  be  closely  approximated  to.  I  have  not 
time  to  labor  this  point,  but  I  may  say  that  a  discossiou  of  all  the 
available  observations  to  my  mind  demonstrates  the  truth  of  the  sug- 
gestion, made  many  years  ago  by  Professor  Tait  before  any  spectro- 
scopic facte  were  available,  that  the  nebolro  are  masses  of  meteorites 
rendered  hot  by  collisions. 

Snrely  human  knowledge  is  all  the  richer  for  this  indication  of  the 
connection  between  the  nebnlie,  hitherto  the  most  mysterions  bodies 
iu  the  skies,  and  the  "stones  that  foil  ftom  heaven.*' 

OBLESTIAL  EVOLUTION. 

But  this  is,  after  all,  only  a  steppingstone,  important  though  it  be. 
It  leads  us  to  a  vast  generalization.  If  the  nebula  are  thus  composed, 
they  are  bound  to  condense  to  centers,  however  vast  their  initial  pro- 
portions, however  irregular  the  tlrst  distribution  of  the  cosmic  clouds 
which  compose  them.  Each  pair  of  meteorites  in  collision  puts  us  in 
mental  possession  of  what  the  flnal  stage  must  be.  We  begin  with  a 
feebleabsorption  of  metallic  vapors  round  each  meteorite  in  collision;  the 
space  between  the  meteorites  in  filled  with  the  permanent  gases  driven 
out  farther  afield  and  having  no  power  to  condense.  Hence  dark 
metallic  and  bright  gas  lines.  As  time  goes  on  the  former  must  pre- 
dominate, for  the  whole  swarm  of  meteorites  will  then  form  a  gaseous 
sphere  with  a  strongly  heated  center,  the  light  of  which  wilt  be  absorbed 
by  the  exterior  vapor. 

The  temperature  order  of  the  group  of  stars  with  bright  lines  as  well 
as  dark  ones  in  their  spectra  has  been  traced,  and  typical  stars  indi- 
cating the  chemical  changes  have  been  as  carefully  studied  as  those  in 
which  Absorption  phenomena  are  visible  alone,  so  that  now  there  are 
no  breaks  in  the  line  connecting  the  nebnhc  with  the  stars  on  the  verge 
of  extinction. 

Here  we  are  brought  to  another  tremendous  outcome — that  of  the 
evolution  of  all  cosmical  bodies  from  meteorites,  the  various  stages 
recorded  by  the  spectra  being  brought  about  by  the  various  conditions 
which  follow  from  the  conditions. 

These  are,  shortly,  that  at  first  collisions  produce  luminosity  among 
the  colliding  pai  tides  of  the  swarm,  and  the  permanent  gases  are  given 
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off  and  All  the  iiiterapaces.  As  condeneation  goes  on,  the  temperatare 
at  the  venter  of  coodeDsatioD  always  increasing,  all  the  mebmrites  in 
time  are  driven  into  a  state  of  gas.  The  meteoritic  bombardment  prac- 
tically now  ceases  for  lack  of  material,  and  tbe  fatnre  bistocy  of  the 
mass  of  gas  is  that  of  a  (tooling  body,  the  violent  motions  in  tbe  atmos- 
phere while  condensation  was  going  on  now  being  replaced  by  a  rela- 
tive calm. 

Tbe  absorption  phenomena  in  stellar  spectra  are  not  identical  at  the 
same  mean  temperature  on  the  ascending  and  descending  sides  of 
the  carve,  on  acconot  of  tbe  tremendous  difference  in  the  physical 
oonditjons. 

In  a  condensing  swarm,  the  center  of  which  is  undergoing  meteoritic 
bombardment  from  all  sides,  there  can  not  be  the  eqoiviilent  of  the 
solar  chromosphere;  tbe  whole  mass  is  made  up  of  heterogeneous  vapor 
at  different  temperatoree  and  moving  with  different  velocities  in  dif- 
ferent regions. 

In  a  condensed  swarm,  of  which  we  can  take  the  sun  as  a  type,  all 

action  produced  from  without  has  practically  ceased;  we  get  relatively 

i       a  quiet  atmosphere  and  an  orderly  assortment  of  the  vapors  fi-om  top 

y      to  bottom,  disturbed  only  by  the  fall  of  condensed   metallic  vapors. 

1      Bnt  still,  on  the  view  that  the  differences  in  the  spectra  of  the  heavenly 

\     bodies  chiedy  represent  differences  in  degree  of  condensation  and  tem- 

*,    perature,  there  can  be,  an  fond,  no  great  chemical  diiference  between 

\  bodies  of  increasing  and  bodies  of  decreasing  temperature.     Hence  wo 

\  And  at  equal  mean  temi)eratures  on  opposite  sides  of  the  temperature 

1  curve  this  chemical  similarity  of  tbe  absorbing  viipors  proved  by  many 

I  points  of  resemblance  in  tbe  Hpc<:trn,  especially  the  identical  behavior 

Jof  the  enhanced  metallic  and  cleveite  lines. 

I  CELESTIAI.  DISSOCIATION, 

\  Tbe  time  yoa  were  good  enongh  to  put  at  my  diB|>osal  is  now  eshansted, 
t^t  I  can  not  conclude  without  stating  that  I  have  not  yet  exhausted 
all  tbe  conceptions  of  a  high  order  to  which  Fraunbofer's  apparently 
ns|]ess  observation  bas  led  us. 

llie  work  which  to  my  mind  has  demonstrated  the  evolution  of  the 
costios  as  we  know  it  ftom  swarms  of  meteorites,  has  also  suggested  a 
cbeiucal  evolution  equally  majestic  in  its  simplicity. 

Ai  guarter  of  a  century  ago  1  pointed  out  that  all  tbe  facts  then  avail- 
able Suggested  the  hy|)otbesis  that  in  tbe  atuioupberes  of  the  sun  and 
staw  various  degrees  of  "  celestial  dissociation  "  were  at  work,  a  "  disso- 
cianin"  which  prevented  tbe  coming  together  of  the  lluest  particles  of 
maf-er  which  at  the  temperature  of  tbo  earth  and  at  all  artificial  tem- 
perature yet  attained  here  comijose  the  metals,  the  metalloids  and 
ctf'npounds. 
^      On  this  hypothesis  tbe  so  called  atoms  of  the  chemist  represent  not 
■^     the  origins  of  things,  but  oidy  early  stages  of  the  evolutionary  process. 
8H  98 12  ^ 
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At  tbe  present  time  we  bave  tens  of  tbousands  of  facts  TrLioU  were 
not  ayftilable  tweaty-five  years  ago.  All  these  go  to  thesnpport  of  the 
hypothesis,  and  among  them  I  roust  indicate  the  resnlte  obtained  at 
the  last  eclipse,  dealing  witb  tbe  atmosphere  of  tbe  sun  in  relation  to 
that  of  tbe  various  stars  of  higher  temperature  to  which  I  called  your 
attention.  In  tbis  way  we  can  easily  explain  the  enhanced  lines  of  iron 
existing  practically  alone  in  Alpha  Gygni.  I  bave  yet  to  learn  any 
other  explanation. 

I  have  nothing  to  take  back,  either  ftx>m  what  I  then  said  or  what  I 
have  said  since  on  tliis  subject,  and  although  the  view  is  not  yet 
accepted,  I  am  glad  to  know  that  many  other  lines  of  work  which  ace 
now  being  prosecuted  teud  to  favor  it. 

I  have  no  hesitation  in  expressing  my  conviction  that  in  a  not  distant 
future  the  inorganic  evolntion  to  which  we  have  been  finally  led  by 
following  up  Fraunhofer's  useless  experiment  will  take  its  natural  place 
side  by  side  with  tliat  organic  evolution  tbe  denioustratton  of  which  has 
been  one  of  tbe  glories  of  tbe  nineteenth  century. 

And  finally  now  comes  the  moral  of  my  address.  If  X  have  helped  to 
show  that  observations  having  no  immediate  practical  bearing  may  yet 
help  on  the  thought  of  mankind,  and  that  this  is  a  thing  worth  the 
doing,  let  me  express  a  hope  that  such  work  shall  find  no  small  place 
in  the  future  Uuiversity  of  BIrmiugbam. 
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THE  PERCEPTION  OP  LIGHT  AND  OOLOa 


By  OsoBaES  Lechalas 


Tweoty  years  ago,  while  on  a  railway  car,  I  accidentally  made  an 
observation  wbich  Htrougly  attracted  my  attentiou.  Having  held  one 
eye  closed  for  a  certain  time,  I  reopened  it  during  the  passage  of  the 
train  through  a  tunnel.  The  consciousness  of  »  profound  inequality  in 
the  vision  of  my  two  eyes  led  me  to  close  them  alternately,  and  1  thus 
verified  not  only  that  the  Honsitiveness  of  the  eye  previously  closed  was 
greater  than  that  of  the  other,  exposed  just  before  to  the  fhll  light, 
bot  also  that  there  was  a  profound  dlQ^nce  in  the  coloration  of  the 
images.  While  in  fact  the  image  corresponding  to  the  latter  was  quite 
ulearly  yellowish,  the  other  was  white  or  even  of  a  violet  hue.  This 
violet  tint,  if  real,  could  be  explained  by  the  phenomenon  of  contrast 
with  the  yellow  of  the  other  eye;  but  it  nevertheless  persisted,  not- 
withstanding the  fact  that  yellow  light,  thrown  by  a  lamp  on  objects, 
appeared  white  to  an  eye  which  had  ceased  to  be  adapted  to  solar  light. 

This  observation  naturally  leads  to  the  hypothesis  that  color  has  only 
a  purely  relative  value,  and  that  light  of  every  color  should  appear  ool- 
orless  to  an  eye  wbich  has  been  in  repose.  To  verify  this  hyitothesis  I 
bandaged  both  eyes,  and  at  the  expiration  of  ten  minates  I  opeued 
them  again  in  a  room  illuminated  through  a  plate  of  blue  gelatin.  The 
bine  color  was  found  to  be  much  fainter,  but  quite  distiuguiahable. 
Repeating  the  experiment  with  a  plate  of  red  gelatin,  no  attennatiou  of 
color  was  observed,  although  both  eyes  had  been  kept  in  darkness  for 
a  still  longer  time.  The  hypothesis  was  thus  disproved  by  experiment. 
1  did  not  continue  the  investigation,  for  which,  besides,  I  was  not  prop- 
erly equipped  with  apparatus.  If  I  had  better  followed  the  treud  of 
scientific  research  I  would  have  known  that  Br.  Charpentier,  professor  in 
the  medical  faculty  at  Nancy,  had  already  devoted  himself  to  extremely 
interesting  studies  of  this  class  of  phenomena,  in  which  he  was  soon 
followed  by  Dr.  Parinaad;  then  the  Germans  entered  the  lists,  and 
to-day  there  exists  an  extensive  scientific  literature  on  the  subject.  It 
possibly  will  not,  therefore,  be  nnint«resting  to  give  a  r^suni^  of  the 
conclasions  thus  far  deduced  from  the  exi)erimental  resalts  obtained. 
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Let  as  begiu  witti  ft  study  of  the  psychic  phenomena  which  have  been 
observed — that  is  to  say,  the  sensations  and  perceptioas;  next  wc  will 
coDsider  the  physiological  phenomena  to  which  these  psychic  plie- 
nomena  appear  related,  and  finally  the  theories  which  have  been  erected 
on  the  ^amework  of  this  ensemble  of  facts  will  be  briefly  reviewed. 

I.— PSYCHIC   PHENOMENA. 

The  phenomena  which  we  are  about  to  describe  were  first  discussed 
in  M.  Cbarpentier's  publications,  as  lias  already  been  stated,  but  the 
results  reached  by  him  are  of  a  more  complicated  character  than  those 
of  U.  Pariuaud,  whose  first  contributiou  on  the  subject  was  published 
in  18S1,  while  that  of  his  rival  dates  back  tolS77.  Itisaaif  Eegnault's 
work  bad  preceded  that  of  Mariotte.  Without  pretending  to  decide 
their  dispute  in  regard  to  priority,  let  us  remark  that  it  is  easier  to 
begin  by  a  study  of  Mnriolte,  or  in  the  present  case  of  Parinaud.  The 
latter,.in  a  recently  published  trea^tise,  summarizes  the  results  of  his 
experiments  on  the  adaptation  of  the  retina  to  obscurity  as  follows: 

1.  The  increase  in  the  sensitiveness  of  the  retina,  which  characterizes 
adaptation  to  obscurity,  varies  according  to  the  wave  length  of  the 
light;  it  is  greater  the  smaller  the  wave  length.  The  intluencv  of  adap- 
tation which  is  zero  for  spectral  red  becomes  considerable  lor  the  violet 
and  ultraviolet. 

2.  This  increase  of  sensitiveness  affects  only  the  luminous  value  of 
simple  light.  The  color  appears  brighter  and  less  saturated.  Finally, 
after  a  sufficient  time  spent  in  darkness,  the  purest  spectral  colors  of 
feeble  intensity  are  perceived  as  uncoloreu  light,  the  red  alone  excepted. 

3.  This  increase  in  the  sensitiveness  islackiugiu  the  fovea.'  The 
fovea  does  not  pmticipate  in  retinal  adaptation.  Theseiisntion  of  color 
not  being  altered  by  adaptatiou  in  the  fovea,  luminous  impressions  are 
always  perceived  in  that  region  as  colors.' 

Uu  reading  these  enunciations  one  is  struck  by  the  very  characteristic 
fact  that  altbougli  white  has  generally  been  considered  as  being  essen- 
tially a  complex  cohir,  we  see  that  for  luminous  excitations  received 
outside  the  fovea  all  light,  the  red  excepted,  is  perceived  first  as  color- 
less and,  for  a  retina  adapted  to  obscurity,  remains  strongly  dilnted  in 
appearance,  whatever  be  its  intensity.  There  are,  then,  two  kinds  of 
sensibility  which,  according  to  M.  Charpentier,  may  be  distinguished 
by  the  terms  luminous  sensibility  (pro{>erly  so  called)  and  chromatic 
sensibility  \  It  may  be  remarked  that,  althougli  disregarded  in  the  old 
scientific  literature,  these  two  kinds  of  sensibility  have  been  long 
fiamiltar  to  ordinary  observation.    "  At  night  all  cats  are  gray,"  says  the 

'  This  is  the  nftme  of  tbe  Bmall  hollow  which  eilata  Id  the  middle  of  the  yellow 
Bpot  and  on  which  the  image  ia  focused  in  central  vision. 

"  L»  Visioii,  fitnde  pbysiulosiqne,  8vo.,  218  pp.,  Octave  Doin,  1898,  pp.  47-48. 

'  La  Lumi^re  et  lea  Couleure  an  point  de  vne  phjsioIogiqDB,  vol.  1,  8vo,  352  pp., 
Bibllothbqne  acieatiflque  cou temporal ue,  Bailli^re  et  fila,  1888.     See  p.  209. 
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proverb,  and  bow  often  have  we  not  repeated :  *'Itis  too  dark  to  dis- 
tingQish  colors."  The  poet  Bacao,  who  bad  an  affection  for  nature  so 
rare  in  bis  time,  tells  na  furthermore  in  his  Bergeries : 


Before  taking  np  tbe  study  of  Gharpentier's  researches  we  will  first 
consider  the  variation  of  chromatic  sensibility  in  tbe  different  parts  of 
the  retina.  To  quot«  M.  Parinand:  "Cbromatic  senttibility  decreases 
iTom  tbe  center  to  tbe  periphery,  whether  or  not  the  retina  be  adapted 
to  obscurity.  Besides,  it  decreases  unequally  for  tbe  different  colors. 
The  radial  distance  at  which  a  color  ceases  to  be  perceived  varies 
according  to  the  intensity  of  illnmi  nation,  the  saturation  of  tbe  color, 
and  in  addition  according  to  tbe  extent  of  the  colored  surface.  It  is 
therefore  difficnlt  to  define  the  extent  of  the  field  of  vision  for  each 
color.  Tbe  relations  which  these  fields  of  visiou  bear  to  one  another 
are,  on  the  contrary,  quite  fixe<l.  Tbe  fundamental  colors  are  lost  to 
perception  in  passing  from  the  center  to  the  periphery  of  the  retina  in 
the  following  order :  Green,  red,  yellow,  bine.  It  may  be  said  with  truth 
that  tbe  i>eripberal  parts  of  the  retina  present  a  normal  Daltonism; 
indeed,  in  certain  regions  one  can  observe  color-blindness  for  the  green 
and  red,  with  normal  vision  for  tbe  yellow  and  blue,  as  in  Daltonism."* 

Mention  must  also  be  made  of  the  faculty  of  visual  definition — that 
is  to  say,  of  tbe  faculty  of  i)erceiving  forms.  This  attains  its  greatest 
perfection  in  tbe  fovea,  and  decreases  i-apidly  with  the  distance  there- 
from ;  but,  as  stated  above,  when  the  retina  is  strongly  ailapted  tbe 
fovea  is  relatively  much  less  sensitive  than  tbe  exterior  parts  of  tbe 
retina.  Tbe  latter  tend  to  supplement  tbe  central  portions,  and  thus 
tbe  deflnitton  increases  from  the  center  to  the  periphery. 

Let  us  now  study  anew  the  same  phenomena  under  the  direction  of 
Gbarpentier.  There  will  necessarily  be  some  repetition,  but  it  may  not 
be  withoQt  interest  to  clearly  understand  in  what  respects  this  investi- 
gator agrees  with  the  former  and  in  what  be  differs.  A  rtl'sum^  of  his 
investigations  has  been  givenin  the  treatise  already  cited,  *<  La  Lumi^re 
et  les  Goulears,"  and  also  in  an  article  on  "  The  origin  and  mechauism 
of  the  different  varieties  of  luminous  sensatioDs." '' 

"  In  exploring,  by  means  of  a  special  photometer  and  by  the  inetbod 
of  minimum  perceptibility,  the  senMtiveness  of  different  parts  of  tbe 
retina,  I  have  shown,"  says  Gbarpentier,  "  that  tbe  acuteness  of  per- 
ception of  uucolored  light  (that  is,  white  light,  including  tbe  different 
shades  between  white  and  black)  is  e([ually  great  on  every  part  of 
tbe  retina  except  at  the  center,  where  it  is  least,     Golor  sensibility 

'C'eat  I'onibra  de  la  unit,  doDt  la  noin;  pAIear 
Peint  las  chainpa  et  lea  pn^s  d'uue  mSme  oouleor. 
>  Page  71. 

"  La  Revne  Oi^n^rale  des  Sciences  Puree  et  Appliqn^ea,  .Tnly  15, 1898.  The  same 
leriew  had  pablished  M.  Pariuaud'a  article  i>n  tbe  fuuctiouaof  tbe  retina  (Apiil,  1898). 
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yaries  in  an  entirely  different  manuer;  it  diminishes  regalarly&om  the 
center  to  tbe  periphery,  wheie  it  has  even  appeared  to  certain  experi> 
menters  to  be  entirely  absent.'  •  •  •  The  sensation  of  white,  which 
according  to  Eelmholtz  is  the  most  complex  sensation,  is,  on  the  con- 
trary, the  most  simple  and  the  one  most  easily  produced.  If  any 
simple  spectral  color  be  presented  to  the  eye,  Uie  first  sensatioQ 
produced  (that  which  requires  tbe  least  light  for  exciting  the  redaa) 
18  a  purely  colorless  sensation.  To  produce  the  idea  of  color  it  ia  neces- 
sary to  more  strongly  excite  the  retina,  to  present  to  it  a  mach  stronger 
Btininlns.  •  •  " 

"Then,  again,  these  two  functions  may  vary  independently  of  one 
another,  not  only  on  account  of  their  different  localization,  but  also 
because  of  the  different  influences  exerted  on  them  by  certain  physio- 
logical conditions.  Thus  1  showed  in  1878  that  the  adaptation  of  the 
eye  to  obscurity  increases  the  luminous  sensibility  and  hardly  affecta 
the  chromatic  sensibility;  hence  the  fact,  inexplicable  in  the  Helm- 
holtz  theory,  that  a  simple  color  seen  by  an  eye  that  has  been  kept  in 
darkness  is  perceived  mixed  with  white.  If  diis  is  taken  together  with 
the  fact  that  a  pure  color  that  appears  saturated  at  the  center  of  the 
retina,  appears  more  and  more  mixed  with  white  (finally  becoming 
entirely  white  or  gray)  in  proportion  as  it  is  viewed  more  indirectly,  it 
is  easily  seen  with  what  facility  white  is  produced  by  a  physi<^ly 
simple  excitation.  •  •  ■ 

"On  Decemlter  27,  1880,  I  differentiated  a  new  function  of  the 
retina,  independent  of  Inminons  sensibility  and  of  chromatic  sensi- 
bility, namely,  visual  sensibility.  I  showed  that  the  perception  of  a 
group  of  small  luminous  points  iu  central  vision  passes  through  two 
phases,*  precisely  analogous  to  the  two  phases  of  color  perception;  the 
one  of  indistinct  vision  (gross  visual  sensibility),  the  other  of  distinct 
vision  (visual  sensibility,  properly  so  called).  The  first  requires  for  its 
excitation  less  light  than  the  second  and  may  vary  independently  of 
the  other." 

After  having  alluded  to  the  researches  of  M,  Parinand  of  1891,  M. 
Charpentier  continues  as  follows: 

"During  these  two  years  MH.  Mac£  de  Lt^pinay  and  iNicati  published 
their  valuable  researches  on  the  distribution  of  brightness  and  of  visoaj 
definition  iu  the  spectrum,  and  discovered  the  important  fact  that 
luminous  intensity  and  visibility  do  not  vary  in  the  same  ratio  from 
one  color  to  another,  the  brightness  relatively  predominating  in  the 
more  refrangible  part  of  the  spectrum." 

These  statements,  which  are  taken  from  the  article  in  the  Bevue 
G^n^rale,  could  be  advantageously  completed  by  the  details  given  in 
the  treatise  on  Ught  and  color;  but,  for  the  s^e  of  brevity,  we  will 
simply  give  the  results  of  tbe  experiments  made  for  the  purpose  of 
determining  the  ratio  between  the  intensity  required  for  producing  a 
luminoussensatioo  and  a  clearly  distinguishable  color  sensatiou  through- 
out the  different  parts  of  the  spectrum. 


'  CharpeTtCier  adds  thnt  this  is 
'By  direct  vision,  in  underatood  visioD  by  oiMUU  of  tbu  fovea;  and  by  Indireet 
iBioQ,  that  by  meana  of  tbo  eoceutrio  parts  of  the  retina. 
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It  shoald  be  remarked  that  these  ratios '  were  determined  for  an 
eye  kept  for  tweuty  miDutes  iu  darkness.  If  au  eye  uot  adapted  bad 
been  tested  tlie  above  ratios  would  have  beeu  reduced,  as  it  is  well 
known  that  its  laminous  seusibility  is  raucli  less.  It  is,  however,  a  very 
interesting  fact  that  the  qaantity  of  ligbt  necessary  for  the  perception  of 
color  remains  very  nearly  constant.  Fartbermore,ifoue  adds  wbite  light 
to  a  mono- chromatic  light,  the  quantity  of  the  latter  necessary  for  the 
recognition  of  its  color  remains  almost  invariable.  If  the  results 
obtained  by  M.  Charpeutier  and  M.  Parinaiid  are  compared,  it  will  be 
seen  that  tbey  differ  but  slightly.  According  to  M.  Fariuaud,  red  cannot 
give  rise  to  a  luminous  sensation  without  color,  even  in  indirect  vision, 
and,  on  the  other  hand,  iu  the  yellow  spot  all  the  colors  appear  at  Arst 
sight  as  colored.  Although  M.  Cbarpentier  denies  tiiese  propositions, 
he  nevertheless  recognizes  that  chromatic  sensibility  is  best  developed 
at  the  center  of  the  retina.  M.  Farinaad,  on  his  side,  formally  recog- 
nizes the  decrease  of  chromatic  sensibility  from  the  c«uter  to  the  periph- 
ery of  the  retina,  and  even  his  denial  that  red  ciin  produce  a  laminous 
sensation  withoat  color  is  not  absolute,  since  be  recognizes  that  certain 
parts  of  the  retina  can  not  perceive  this  color. 

As  we  have  stat«d  above,  the  German  physicists  and  physiologists 
took  up  the  study  of  the  same  phenomena  after  the  French  savants, 
and,  judging  from  the  excellent  reviews  published  by  M.  Victor  Henri 
in  successive  volames  of  "L'AuutJe  Psychologique,"  the  phenomeua 
observed  across  the  Bbine  are  in  exact  agreement  with  the  enuncia- 
tions of  M.  Parinaud.  It  is,  however,  to  be  regretted  that  his  fre- 
quent visits  to  the  German  laboratories  have  prevented  M.  Henri  from 
reminding  Koeuig  and  Von  Kries  to  respect  the  rights  of  priority  of 
Charpeutier  and  Parinaud.  Professor  Knel,  of  Ghent,  in  reviewing  the 
researches  of  Yon  Eries  in  *'  Les  Archives  d'Opbtalmologie,"  adds  to  his 
analysis  the  following  reflections:  "It  seems  tome  that  the  authors 
across  the  Rhino  are  too  neglectful  of  the  preponderating  merit  wtiich 
oar  French  collaborators  have  had  in  the  elaboration  of  these  new 
ideas."  Without  wishing  to  dwell  longer  than  necessiiry  on  this  detail, 
I  have  thought  that  it  should  uot  bo  passed  over  in  silence. 

The  first  publication  of  Von  Eries  on  this  subject  appeared  in  1894, 
and  (thanks  to  the  review  by  M.  Victor  Henri)  we  will  be  able  to  sum- 
marize his  results.  Hillebrand  had  shown  in  1889  that  if  the  eye  be 
adapted  to  obscurity,  a  spectrum  whoso  brightness  is  continuously 


'  Lik  Uiivuu  aiinf  Talc,  etc.,  Jnly  15,  18B8,  l:  214. 
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decreased  will  flually  appear  as  an  illuminated  colorless  band.  Uepeat- 
ing  this  experiment,  Vou  Kries  showed  that  this  is  only  trae  for  indirect 
vision  for  the  fovea,  although  less  sensitive  to  the  simple  lumioous 
sensatiou,  perceives  the  colors  disappear  without  becotniug  white. 

In  the  same  year  Koeaig  made  similar  observations, 

lu  1895  Hering,  iu  an  important  paper  on  the  Purkinje  phenotnenon,  of 
which  we  will  speak  later,  established  the  foct  that  with  dark  aar- 
routidings  colors  appear  less  saturated,  a  result  of  great  importance, 
according  to  M.  Henri,  although  well  known  for  a  uamber  of  years,  as 
we  might  add. 

In  1S9C  Von  Kries  established  the  fact  that  iu  the  fovea  the  ratio  of 
the  intensities  of  the  diB'erent  spectral  colors  does  not  vary  with  the 
illumination,  as  i»  the  CiiHe  iu  indirect  vision.  He  also  showed  that  red 
is  an  exception  to  the  law  according  to  which  spectral  colors  appear  as 
nncolored  in  indirect  vision. 

In  1897  the  investigations  on  visual  sensations  rapidly  increased, 
especially  in  the  laboratory  of  Von  Kries  at  Freiburg,  in  Ureisgau. 

Von  Kries,  in  collaboration  witli  Dr.  Nagel,  was  engaged  particularly 
in  experimentally  testing  Hering's  law  in  regard  to  the  white  value  of 
a  mixture  of  two  8]>ecti-al  colors,  and  they  discovered  that,  even  if  it 
be  verified  by  observations  made  witli  the  yellow  spot,  it  is  no  longer 
the  same  iu  indirect  vision  by  means  of  a  retina  adapted  to  obscnrity,' 
They  also  studied  the  variations  in  the  brightness  of  different  colors, 
aeconling  as  the  eye  is  adapted  to  the  full  daylight  or  to  obscurity. 
They  showed  that  in  central  vision  colors  never  give  rise  to  the  sensa- 
tion of  gray,  as  in  [leripheral  vision,  and  finally  they  determined  the 
sensitiveness  of  the  different  parts  of  the  retina  to  various  chromatic 
excitations. 

Interesting  comparisons  might  be  made  between  their  numerical  re- 
sults and  those  obtained  by  MM.  Charpentier  and  Parinaud,  but  taken 
aa  a  whole  they  do  not  bring  to  light  anything  new,  Kries  and  his 
collaborators  have,  however,  made  curious  observations  on  subjects 
totally  or  partially  colorblind,  of  which  we  shall  have  occasion  to  speak 
later.  Concerning  some  of  the  experiments  of  Shermann  that  tend  to 
prove,  in  contradiction  to  Kries  and  Koenig  (and  let  us  add  in  contra- 
diction to  Parinaud,  bat  iu  agreement  with  Charpentier),  that  imiuts 
very  feebly  illuminated  are  seen  as  uucolored  by  the  yellow  spot,  M. 
Henri  objects  that  the  fixation  of  the  images  is  very  difficult  under 
tliese  circumstances  and  couseqaeritly  these  images  may  very  easily 
wander  from  the  aforesaid  siiot. 

By  this  brief  analysis  of  the  German  researches  it  may  be  seen 
that  as  a  wh"'"  *■*•""  have  fully  confirmed  the  results  previously 
obtained  by  ■»:nd  Parinaud.    Before  taking  np  a  study  of 

the  pbysiolo'  which  appear  to  underlie  these  phenomena 

't  is  imforl  or  HoDii,  ordinarilf  bo  exact,  htui  giveu  iu  his 

.'sU  a  tab;  to  ioterpnt. 
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it  remaius  to  be  shown  bow  they  acconut  for  certain  well-known  facts 
which  have  remained  isolated  and  have  not  appeared  to  be  logically 
connected  with  the  rest. 

lu  1826  Parkiiije  pointed  out  the  change  which  a  color  andergoee 
if  its  intensity  be  gradually  diminished ;  for  example,  if  we  take  two 
pieces  of  colored  paper,  the  one  red  and  the  other  blue,  the  latter  of 
wliich,  under  a  moderate  illnmiDation,  appears  darker  than  the  former, 
and  gradually  decrease  the  illumination  of  the  chamber  iu  which 
they  are  placed,  the  blue  paper  will  gradnally  be  xeeu  to  become 
relatively  lighter  than  the  red.  Indeed  it  is  possible,  by  still  further 
diminishing  the  intensity  of  illumination,  to  reach  a  stage  when  the 
blae  paper  will  apitear  whitish  gray  and  the  red  paper  entirely  black. 
This  is  called  the  Purki^je  phcnomeiiOQ.  Parinaad,  iu  a  ri'samtS  of  his 
previous  stndies  iu  his  treatise  on  vision,'  explains  the  phenomenon  in 
thit*  manner:  "It  is  not  the  differences  of  intensity  of  the  colors  th^ 
produces  the  phenomenon,  but  differences  in  the  illumination  of  the 
retina  which  observes  them.  The  pheuomenoo  is  due,  not  to  au  objec- 
tive, but  to  a  subjective  cause,  and  finds  its  natural  explanatiou  in  the 
properties  of  the  retina.  It  results  fivni  the  nuequal  intluence  of  the 
adaptation  of  the  retina  to  rays  of  diS'erent  refrangibility,  and  also 
from  the  fact  tliat  adaptation  only  aH'ects  the  luminous  value  of  colors 
and  not  the  color  sensation  itself." 

Ileriog,  in  an  article  published  in  1895,  arrived  at  analogous  conclu- 
sions. He  discovered,  in  fact,  that  the  diminution  iu  the  intensity  of 
colors  alone  is  not  sufficient  to  produce  the  Purkiuje  phenomenon;  this 
manifests  itself  if  the  room  in  which  the  subject  is  placed  be  darkened, 
and  is  the  more  pronounced  the  more  perfectly  the  eye  is  adapted  to 
obscurity.    It  is  more  characteristic  of  indirect  than  of  direct  vision. 

In  1896  Von  Kries  showed  that  the  Parkinje  phenomenon  is  absent  in 
direct  vision,  and  tor  indirect  vision  its  intensity  is  proportional  to  the 
degree  of  adaptation  of  the  eye  to  darkness. 

All  these  results,  according  to  Parinaud,  appear  fully  explained  by 
the  fundamental  phenomena  discovered  by  himself  and  (Jharpeotier. 
The  latter,  however,  explains  the  results  in  an  entirely  different  man- 
ner. By  observing  for  each  spectral  color  the  additional  illumination 
which  is  necessary  to  enable  the  eye  to  distinguish  the  dilTerence 
between  the  new  and  the  previous  illaminatiou,  he  deduces  a  curve 
showing  the  relation  between  the  intensity  of  the  sensation  and  the 
intensity  of  its  stimulus,  according  to  Fechner's  principle,  without, 
however,  being  able  to  verify  the  law  which  bears  the  latter's  name. 
He  has  thus  established  that  the  less  refrangible  colors  gain  much 
more  in  brightness  than  the  more  refrangible  ones  when  the  intensity 
of  the  light  is  continuously  increased.'  From  this  observation  the  Pnr- 
kiiije  phenomenon  can  be  deduced.    It  will  also  be  remarked  that 

'Op.  oit,,  p.  67. 

<  La  Lami^re  et  les  ConleniB,  p,  333. 
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Ombo  experimaitx  im«  made  od  sfes  adapted  to  obwiuity.  rnda-  tbe«e 
drcmnBtances  it  migbt  possibly  be  qaestHmed  i^  when  tbe  lamiiioaB 
points  observed  become  sufficieDtly  bright,  tbe  adsptatloii  of  tbe  eor- 
respfHidlDg  poiotB  of  the  retina  does  not  diminish.  However,  if  tfais 
were  tbe  case,  it  Bhoold  result  in  inert:asing  the  amalleat  peieeptible 
difference  for  the  more  reftangible  colors.  It  is  quite  evident  that  Cb«r- 
pentier's  explanation  only  differs  in  fora  from  that  <^  Parinaod.  As 
a  ooanterproof  it  wonid  be  interv«tiog  to  repeat  Charpentier^  ezpoi- 
ments  on  eyes  adapted  to  light,  tbe  eye  beiug  anbjeeted  to  fnU  dayUgtit 
between  two  conaeentive  observationB.  In  passing  I  might  caQ  atteo- 
tiou  to  a  ooaaplez  phMiomenon,  eaaily  observable,  in  which  tbe  Pnr- 
kiiije  pheoomeuon  is  greatly  exaggerated  by  the  effect  of  contrast. 

In  a  poorly  iUnmiaated  church  just  at  daybreak  tbe  stained-glaaa 
windows  at  a  certain  moment  assume  an  aspect  that  is  at  first  sorpria. 
ing;  of  all  the  colors,  the  bine  alone  appears  with  any  brillianey. 
It  would  be  soperdnons  to  emphasise  the  foi't  that  tbe  eontrast  «>f 
tbe  yellowish  color  of  the  interior  light  is  added  to  tbe  PnrkiDJe 
pbenomenoD. 

There  is  another  fiict  to  which  I  huve  not  as  yet  aDnded,  bat  which 
1  have  always  observed  in  my&elt  When  attempting,  in  a  poor 
bght.  to  read  fine  print  I  instinctively  make  ose  of  monomlar  vision. 
This  appears  to  result  from  tbe  fact  that  under  these  cirmmstwices  ou« 
natnnJly  has  recourse  to  indirect  vision,  which  is  alone  benefited  by 
ad^tatioo  to  obecortty  and  which  is  diflienlt  to  adjust  to  binoeolar 
visitm.  It  would  be  possiblf  tocoDtinaetheenaiDerMiunof  pbenonena 
related  to  the  fiiadamental  obeervatiuus  of  Charpentier  and  Parinaod, 
but  it  is  better  to  toru  now  to  tbe  examination  of  tbe  aoatomieal  stmc- 
tnres  and  tbe  chemioo-physiok^cal  ph^ooaicua  which  appear  to  be 
related  tothecharacteristic  perceptious  which  we  have  been  disenaaing. 

n. — PHTStOLOGICAX  PHEXOXKSA. 

It  is  well  known  that  the  optic  nerve,  after  having  entered  the  eye- 
ball at  the  bliod  spot,  designated  as  the  papUU.  s[>reads  oat  in  sncb-a 
manner  as  to  iVirm  what  is  called  the  ioternal  la^er  of  the  retina,  bnt 
which  coald  :k^  well  be  called  its  extenLiI  layer,  for  whLle  it  is  internal 
from  the  geometric  staodpoiDt.  a^  being  nearer  to  the  center  of  the 
eyeball,  it  is  esteni;il  with  re#pei-t  to  the  tissue*  which  envelop  the  eye. 
!nie  nerve  fibCTs  tho*  s[i:ir,t.l  out  i-orve  Ivkk  it-wanl  the  exterior,  and 
finally  tomti  i-tuies.  or  J«vt>"s  uenibrane, 

aboat  50  mic  erwl  with  iviinu'niary  cells, 

in  which  the  ^rve  ;irv  non?  .m-  less  boried. 

It  shoaM  be  Mrt  the  uerw  fiWrs.  before 

reaching  the  >  »">«'■  l-*rsx'  cells  which  are 

{■ovided  wil  1  tb-?  eMenijil  lajvrs.     This 

deacription  i  *^  ^15*0  10  di:tereut  layers 

are  distingn  *''  '^'^  rvtiu-i-     .\^  exaaina- 
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tion  of  the  dlffer^it  regions  vS  the  retioft  shows  that  the  ooaes,  wUoh 

are  on  the  averaf;e  20  times  less  nnmerona  thau  the  rode,  alone  exist  in 
the  yellow  spot,  but  are  more  and  more  outnambered  b;  the  rods  as 
one  approaches  the  periphery.  The  coues  of  the  "  maonla  "  or  yellow 
spot  are,  besides,  mom  elongated  and  smaller  than  those  of  the  rest  of 
the  retina.  The  maltipolar  cells,  referred  to  above,  increase  iu  namber 
and  are  only  bipolar  in  the  macala,  but  they  disappear  in  the  fovea 
which  lies  at  the  center  of  the  spot. 

Besides  these  details  in  regard  Xa  tlie  coDstitatioa  of  the  retina,  those 
concerning  visual  purple  or  erythmpsiiie  must  be  given.  For  ntauy 
years  certain  anatomists  had  called  attention  to  a  red  pigment  in  the 
retinas  of  certain  animals,  bat  the  credit  of  emphasizing  the  importance 
of  this  substance  belongs  to  Boll'  In  18T6  he  discovered  the  existence 
of  a  red  coloring  matter  in  the  rods  of  tbe  frog,  which  undergoes  a  change 
if  subjected  to  tbe  inllaence  of  light.  This  material,  which  remains 
anclianged  In  frogs  kept  in  obscurity,  becomes  paler  when  the  animals 
are  exposed  to  the  light,  and  if  tliey  are  kept  iu  sunlight  the  retina 
becomes  colorless.  Betinas  removed  in  darkness  may  take  several 
minutes  to  decolorize  in  daylight.  Iu  mammals  tbe  decohirization  Is 
much  more  rapid.  Boll  established,  fucthermnre,  that  the  color  lost  in 
frogs  exposed  to  sunlight  is  reproduced  in  darkness,  but  he  was  not  able 
to  recognize  the  nature  of  this  coloration,  wbicb  he  was  led  to  attribute 
to  a  lamellar  stractnre  of  the  roils  and  not  to  a  coloring  matt«r.  Kiihne 
succeeded,  on  the  other  hand,  in  isolating  the  coloring  mutter  by  means 
of  a  solution  of  bile  or  of  cbolate  of  sodium.  The  solution  of  visual 
purple  thus  obtained  changes  from  rod  to  yellow  under  the  intlneuce  of 
light,  and  hnally  becomes  colorless.  This  decoloration,  acoonling  to 
Kiihne,  is,  moreover,  much  more  rapid  in  that  region  of  the  spectrum 
comprised  between  the  greenish-yellow  and  the  indigo  than  elsewhere. 
Bed  is  tbe  least  active  color,  even  less  active  than  the  ultraviolet  rays. 

The  yellow  material,  produced  by  a  partial  decomposition  of  the  vis- 
nal  red,  follows  a  slightly  different  law  of  decoloration.  The  chemical 
action  of  radiations  being  related  to  their  absorption,  the  decolorjitiDg 
action,  nearly  absent  in  the  I'ed  and  yellow,  is  at  a  inazimum  in  the 
violet  and  is  quite  strongly  developed  in  the  nltraviolet. 

Without  wishing  to  enter  into  a  discussion  of  the  details  of  these 
experiments,  we  can  lianlly  omit  reference  to  veritable  photographs, 
known  nnder  the  name  of  optograms,  which  KUbne  has  been  able  to 
produce  on  the  retinas  of  rabbits  and  firogs.  It  might  be  jiointed  ont 
that,  diiU'egarding  certain  apparent  exceptions,  nocturnal  animals  have 
a  retina  abundantly  provided  with  visnal  purple,  while  tbe  purple,  as 
well  as  the  rods,  is  wanting  in  those  animals  which  sleep  at  night — for 
example,  poultry. 

The  visual  purple  has  still  another  characteristic  property.    Previous 

'An  article  by  Weiss  on  the  cbemionl  tbeor;  of  vblon.  Id  La  Kevne  Udo^iale, 
Uarch  30,  1695,  is  freely  mode  lue  of  iu  tbe  rdsuni^  of  this  subject. 
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to  At  diMtmry  of  BoTl,  Belinbi>!ii  had  iimmtwnd  tb*  fikiammtmam  «f 
tfoonac^Mx  m  (he  tcOos;  E«sM  and  Kobe*  ceubb^&ad  tke  fact  tkst 
this  pnfptnj  bekofrs ooly  b>  ^u>9»  potts  of  tke  rciiaa  vbiek  i— !■!■ 
tike  parpl^.  In  ocdir  to  Ttrify  z'aiA  ia  a  Marfced  namurr ::  u  BMcnaKT, 
howercr.  to  expenneBt  with  aa  ■nbwcaehed  recua  lr«^  tke  InriBg 
idbjarcs.  A  nana  strarueil  vtth  parr>i»  P-tka  liae  to  a  whinik  tmer- 
tmeemet.  wh>ra  eha::--M  to  gnen^sh  as  Mm=  as  the  rvCimI  jdlov 
fT^"— ""'■"  acd  £iLkIlT  txtf—etf  eives  fiir  a  tl<nraw>rucd  iitiaa 
TWae  ob«er*an»<ia.  of  a  |>h>>tca:  rhararto'.  briii^  as  as  ^.xt  to  a  eas- 
fidtntU^  ttt  -at  prin^pal  br|k<tiiCBr:<  vh:ich  hare  :«*■:.  far^^gf^  %a 
oxiceet  ULF-ai  with  tie  p!ker.<>ttr-  a  of  a»c.-.'t-:li:r  iL^ra^^crd  in  Pari  I. 
Thr  thcorir*  ;o>;«r:T  m>  «;u>i1  whir-h  attr-iB:>*  bt  exi-I^ia  'a  a  ij  ili^ 
adr  Bkjaaer  li-e  ■■ci:na  of  «h.«-  9v^'«;iti<>a  w.:;  be  rvserr*^  Sor  Part  lit. 
Fo.-s)  !>'*1  to  I  vs.~>  P.trt::jii*I  !>-:''>:i-^>nl  a  utrjr^vf  <ji'ii>r*  in  which  be 
ecpLksi^e*!  '.lv  ^forate  jlJ  4l:sr:=«-i  p->*  [^anrf  "jy  'i*  rods  aad  tW 
coces  :b  \i-^'->o.  A.s  ^a:et]  aboi^e.  nri'h^-  roi^  doc  ^~*s:iI  porr-tearv 
fi>r.-.J  ia  ;hr  :-'\-tA  wf  wLivh  iLe  secsirivei.^ss  :*  3t>t  j:  i,I  —  m  imd  by 
d.trfenitf.-':  ao!.  n»r«>v«-.  *;*:«  -Lark-^fi^  iz'ii^x.rr-^^  >.v.'.t  :_*  !uiao«s 
9ei:sa'~i.>a  *r,'i  '.-^  the  cin-^.irt  at-ri-j:;- -e.  wc  x-»v  w-'E-.-Iide  that  the 
rocr^ur  :Le  <v-iC5  .-f  •^■'■■r  se:.^w.-n.  »:.  >  ;;.e  r-^i*  ac-l  :tie  Ti;*«al 

t-1* '-■-■:.:  v.  :-  ji»T*f:.-  j^ri-'trii  wiia  U^rz.eral-  ;  j;  ;a»;  i-^  :•>  say.  iar*- 
Jul  V  "f  8«:t;=z  :--  a  .iia  ;  j  .:.  Ia  tie?*  :^<?  viza'.:-  ->  w"  ;'.>»  6*T«a, 
wirre  :i.tTe  i*  ^"  :  ;— >.  are  :2Tj<::  aL.i  ■>-  ili^  o:ii:r  JA^d.  htwiexaka- 
[Kj  Tar—**  w-;:i  :;  i^-  •i-T'.rrj-nr.o:!  •■:  «>!■  c  v-,>;oi,  M  .irvi>v«.  ia  [)»1. 
ti:-_53i  'ir  ;■;_:-■  i*  vkl-;rr  i.-f  :le  o  ;.>rs  =■  t  jwn^viTvd  is  -:uk5«v5ed.  at 

Laier. :-.  1<H.  Pari::a."  i  ef-:  "-As^ir>i  ;L^  r  >  wl:.,h  :i*  :i-:-<rv«ceBee 

exT- !»:-•::  -.  '.ia-,::j  t'j  arri"*^l  cz  ;L*  jn*:i:-ij  ^v  r.t;-...^o.  This 
o  !■  rar.-  c  i*.  t-r^  ver,  a-'t  c?*jer.tial.  js  w*  hjv-  stwti.  i^.;  ;h«{^  cas, 
a*-re.-T.^7.  V  ::->  ^-TOr—ary  -ri  ttvIj::-'-  V:Trir=  :i.e  ,".  «::v*  :o.-:«rtics 
of  IE*  :i=. -..-.-  A_-e„:  ,\\  i  -...<^  j.-=si-  ■=  wl.v'=  ::  pr>v.  c^-i;  ;..»*v».  it 
«!■>:»  L-.C  -tirs;  :«-'  -.1-iC  i'i"=is  i  ^.fesa-.y  :  r.»  :'.':"  i.^oTti;  :.TT*>che- 
*:».s  L.>r.  **  n-.-.-r>~.«^-  iro.:-::^Zi-:>*.-T,-.— -.iir^,;*:!^  j'-"'-^  a-,  i  aeTvr 
er'irji  w'tI  c;  :':,  ■:  ilrrt'  re*;  :.*4r5  ;=...«;;?;",>  :^^  *e;a-i:^  ;:s.  Lida- 
«E<*  frj:^  ''-t'.  !>:'  :i^  ■  lirt-  f-r  ["rrzL-rs  o'  :h*  v^^i;*-  Nr"*7TiT^:,Ma. 
it  -h-  cM  '>rr--.--:"i  :■-: :'  a:  t-*s.rLijd--  j:n,-v..  vrii  :t  ::;.,  b"--.  t:.>1«c 
aa*!  clirav.'  ->:  r».i.ir  -<■  ;.  a  nr:i:_*  :n?T.»,i-:T  j;:',-  ^t^i  z->  >:^kjie$$ 
pn^K-L.^  :i.e  *-*>-:^  e:iirj.:  :<::■- ^ta-s  . :"  s.7--<ir. --^s  r-r->i-:>.i  w  c*»- 
rf^;::^  botiie*.  a^d  *  '■."  ^-'r-i-,",. .-  r>i:j;:-  :•*  ir*  ^i  km 

•ase  czz*  ih-xse  »— ••:  "",  --  -•-  1 1  --■•:-;  e  ;-t  ;  _^::  r^e:!*  of 
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betweeR  tM  acnoa  ■  ::::--  liorttj^-.w  i-:"  -Lv-r-aaie 
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en^gemeat  of  electricity  or  beat,  while  several  experimenters  have 
verified  that  it  is  otherwise  in  the  caee  at  hand.  Since  1874 — that  is  to 
say,  before  the  discovery  of  visual  parple — Dewar  has  recognized  that 
the  action  of  light  on  the  retina  is  accompanied  by  the  development  of 
an  electro-motive  force,  measurable  by  means  of  a  galvanometer. 
Having  confirmed  this  observation,  Johannes  Cbatin  established  the 
effect  of  obscnratlon  on  the  intensity  of  the  cnrrent  and  the  uneqnal 
action  of  the  difierent  radiations;  in  addition,  he  verified  that  the 
greatest  electro-motive  force  is  fonnd  in  those  species  in  which  the 
purple  predominates,  as  in  the  lobster.  All  these  circamstaQces  tend 
to  show  that  the  disengagement  of  electricity  is  principally  caused  by 
physico-chemical  action  that  has  its  seat  in  the  visaal  purple. 

The  conceptions  of  Pariuaud,  which  may  indeed  be  reduced  to  the 
perception  of  colors  by  the  cones  and  of  <:olorless  light  by  the  rods 
nnder  the  action  of  the  purple,  have  been  rendopted  by  Yon  Kries 
since  1894,  and,  indeed,  M.  Victor  Henri,  in  rpferri  rig  to  them,  constantly 
calls  it  the  theory  of  Kries.  Parinaud,  who  cliitms  very  projierly  the 
rights  of  priority,  moreover  adds  that  Schuit/.e,  as  early  as  1866, 
pointed  out  the  probable  difference  in  the  r61e  of  the  cones  and  that  of 
the  rods,  a  difference  which  he  based  on  their  unequal  distribution  in 
the  retina  and  on  the  diminution  in  the  intensity  of  color  vision  at  its 
iwriphery,  where  the  cone»  are  rare.  Schaltze's  opinion,  however, 
remained  unnoticed,  but  fortunately  it  has  now  been  completed  by  the 
discovery  of  the  purple  and  all  the  investigations  that  have  been  made 
apOD  it.  Therefore  Schultze  appears  to  deserve  an  emineut  place  in 
the  development  of  the  Hubjoct  near  PariuaLii).  The  investigations  of 
Koenig  and  of  KUbne  api>ear  to  be  much  more  original  than  those  of 
Kries;  for  by  comparing  the  absorption  curves  of  visual  purple  and 
yellow,  in  difi'erent  parts  of  the  spectrum,  with  those  of  the  luminous 
impression  and  its  variation  for  the  diff'ereut  spectral  colors,  tbey 
have  truly  completed  the  results  of  Pariuand.  In  the  article  of  Weiss, 
already  referred  to,  I  found  some  very  curious  curves,  showing  the 
proportionality  between  the  luTninons  impression  and  the  absorption 
of  the  rays  by  the  visaal  purple.  We  shall  have  occasion  to  return  to 
these  investigations  in  Part  III. 

III. — THEORIES  OP  COLOR  PBRCEPTldN. 

Id  all  that  i)recedes  we  have  seen  that  certain  anatomical  elements 
appear  to  be  involved  in  color  perception  and  that  the  different  radia- 
tions exercise  an  InHueuce  more  or  less  great  on  the  luminous  sen- 
sation, but  nothing  has  so  far  been  said  concerning  the  mechanism  of 
differentiation  in  color  perception.  Here  it  must  be  clearly  recognized 
that  we  are  on  unsafe  ground;  on  acconut  of  the  lack  of  sufficient 
experimental  evidence,  the  hypotheses  become  more  audacious  and  are 
ofteu  too  far  removed  irom  the  possibility  of  experimental  controL 
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Nevertheless,  a  nqiid  review  of  the  principal  hypotheses  which  have 
been  advanced  by  BcieDtiats  may  not  be  entirely  without  interest. 

The  first  hypothesis  that  presents  itself  to  the  mind  is  the  assump- 
tion that  for  each  wave  length  of  light  there  corresponds  a  distinot 
kind  of  excitation  of  the  optic  nerve,  and  consequently  a  distiuct  sen- 
sation, bnt  this  idea,  which  at  first  sight  appears  so  simple,  is  open 
to  a  very  grave  objection,  which  has  given  birth  to  the  trichrumatic 
theory  which  the  name  of  the  great  Helmholtz  has  endowed  with  a 
remarkable  authority,  notwithstanding  that  ho  is  not  the  author  of  the 
theory;  neither  does  he  claim  authorship,  for  he  has  himself  declared 
that  it  was  borrowed  from  Yonng.  It  seems,  moreover,  that  it  was 
developed  several  years  before  the  publication  of  his  treatise  on  physio- 
logical optics,  with  all  the  accompaniment  of  general  conceptions  that 
give  to  it  its  philosophic  scope. 

We  now  turn  to  the  consideration  of  a  treatise  that  appuared  in 
185S,  entitled,  "  Electro-dynamisme  vital,"  under  the  noin  de  plume  of 
Philips,  under  which  tbe  real  author,  M.  Durand  (de  Ores),  then  pro- 
scribed, hid  his  identity.  The  basis  of  the  trichromatic  theory  is  found 
in  the  doctrine  of  the  specific  energy  of  the  nerves,  according  to  which 
each  nerve  filament  can  only  act  in  a  single  manner,  and  consequently 
can  only  provoke  sensations  differentiated  by  their  intensity.  Apply- 
ing tbis  theory  to  the  whole  nervous  system,  Durand  summarizes  it  as 
follows : 

"1.  The  natnre  of  each  animal  or  vegetal  function  depends  essen- 
tially  on  the  characteristic  activity  of  its  corresponding  nerve  fiber  or 
fibers. 

"2.  The  characteristic  activity  of  every  nerve  fiber  is  its  invariable 
attribute." ' 

Applying  this  theory  farther  on  he  expresses  himself  thus: 

"It  woold  becarryingtheseprinciplestoofar  to  assume  the  existence 
of  a  distinct  faculty  and  of  a  distiuct  individual  nerve  fiber  for  each  of 
the  varieties  of  sensation  that  can  he  experienced.  It  is  conceivable, 
indeed,  that  the  same  agent  might  excite  the  same  sensiHve  facnlty 
with  an  nnec|ual  intensity  *  ■  *.  Thus,  although  still  remaining 
invariable  in  its  natnre,  a  sensitive  faculty  might  vary  in  the  degree  of 
excitation  to  whicb  it  is  susceptible,  and,  moreover,  it  is  very  easy  to 
comprehend  that  two  or  more  sensitive  faculties  escited  simnltaneously- 
migbt  give  rise  to  a  compound  sensation,  which  it  would  consequently 
be  improper  to  attribute  to  a  new  elementary  faculty  or  to  a  partionlar 
nerve  fiber." ' 

In  a  special  consideration  of  the  sense  of  sight  Durand  remarks 
that,  althongb  the  advocates  of  the  theory  of  special  nerve  fibers  are 
correct  in  not  admitting  that  the  nerve  fibers  affected  in  color  sen- 
sations are  localized  in  distiuct  portions  of  the  retina  (aiider  these  con- 
ditions objects  would  change  color  if  displaced),  there  would  be 
no  objection  to  a  different  snbdivision  of  the  fibers.     He  states  that 
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wo  are  not  oliliged  to  aaanme  that  eacli  kind  of  fibers  coQBtitates  a 
bnudle  of  wbicli  the  base  forms  a  continuous  portiou  of  the  field  of 
view.  To  quote  Dnrand:  "On  the  contrary,  we  may  conceive  that 
these  three  different  kinds  of  fibers  are  intercombined  in  their  simple 
units  in  such  a  way  that  all  parts  of  the  retina  ])reseot  a  boiaogeneooB 
mixture  of  these  fibers,  so  that  on  whatever  ))oiut  of  the  retina  a  ray 
of  a  given  color  should  fall  it  would  be  sure  to  encounter  there  a 
corresponding  fiber  adapted  to  receive  its  impression." 

We  have  just  seen  that  Dnrand  aasumes  that  three  kinds  of  fibers 
are  sufficient  to  produce  all  color  sensations,  and  this  is  als»  the  num- 
ber adopted  by  Helmholtz,  but  the  latter  attributed  to  tbem  the  per- 
ception of  the  red,  green,  and  violet  sensations,  while  Durand  considered 
the  red,  yellow,  ant)  blue  sensations  as  primary. 

As  it  is  hardly  i>ossible  to  assume  that  the  light  waves  are  trans- 
mitted aa  such  through  the  nerve  fibers^  the  velocity  of  propagation  of 
nerve  e.\citiLtiont4  being  incomparably  lesH  than  that  of  ether  waves,  it 
is  evident  that  one  must  assume  that  they  undergo  some  transforma- 
tion in  the  retina.  This  explains  why  the  theory  of  Helmholtz  is  in 
very  good  agreement  with  the  hyjiothesis  that  there  is  au  intervening 
step  of  a  chemical  nature  between  the  luminous  radiation  and  the  exci- 
tation of  the  optic  nerve.  Koenig  has  remained  faithful  to  this  theory, 
although  he  includes  a  fourth  sensation,  the  gray  sensation,  due  to 
the  decomposition  of  the  visual  purple.  Experiments  seem  to  liim  to 
indicate  that  the  retinal  yellow  is  involved  in  the  production  of  the 
blue  sensation;  the  red  and  green  sensations  he  attributes  to  substances 
still  unknown.  The  incluaion  of  the  gray  sensation  appears  to  me, 
however,  to  necessitate  the  assumption  of  a  fourth  kind  of  nerve  fiber, 
and  iu  addition  there  would  still  remain  to  be  discovered  two  new 
visual  substances. 

Bering  assumes  that  there  are  only  three  visual  substances,  but  he 
boldly  attacks  tlie  dogma  of  specific  nerve  fibers,  for  he  sujiposes  that 
the  opposite  chemical  reactions  [anabolic  and  catabolic  clianges],  which 
each  of  these  three  substances  is  capable  of  undergoing,  produce  the 
complementary  sensations  (green,  blue,  and  black,  corresponding  re- 
spectively to  red,  yellow,  and  white). 

Ebbinghau»  is  said  to  have  adopted  this  theory,  completing  it  by 
means  of  some  recent  discoveries;  but  it  ap|>ears  to  us,  on  the  con- 
trary, that  he  has  altered  the  fundamental  idea,  for  he  assumes  that 
each  of  the  substances  is  capable  of  undergoing  not  two  op^wsite 
cbeniioal  reactions,  but  a  single  reaction  in  two  stages.  The  absorp- 
tion spectrum  of  visual  purple  has  its  maximnin  between  the  J)  and  E 
lines  of  Fraueuhofer;  the  yellow,  resulting  from  the  partial  decomposi- 
tion of  the  red,  has  its  maximum  decomposition  between  the  F  and  Q 
lines.  But  the  study  of  a  subject  affected  with  Daltonism,  for  whom 
there  are  only  two  colors — yellow  and  blue — has  shown  that  while  the 
region  of  the  spectrum  in  which  the  blue  is  for  him  most  brilliant  ooio- 
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cides  iuvariably  with  tbe  region  of  maximnm  absorptioo  for  visoal 
yeUow,  tbe  regioa  corresponding  to  a  maximum  intensity  of  the  yellow- 
may  occapy  two  different  imsitions,  according  to  the  subject  selected. 
Hence  this  peculiarity  would  correspond  exactly  to  the  existence  of  two 
different  porples,  tbe  one  red  and  the  other  violet,  the  absorption  bands 
corresponding  to  the  two  varieties  of  Daltonism, 

From  these  facts  Ebbinghans  concludes  that  the  visual  pnrple  is 
involved  iu  the  perception  of  yellow,  and  the  vifinal  yellow  in  per- 
ception of  blae.  In  addition  to  these  two  substances,  which  are 
derived  f^om  one  another,  he  assomea  the  existence  of  a  third,  namely, 
visual  white,  which  by  its  transformation  gives  rise  to  the  perception 
of  white  and  gray.  In  normal  eyes  he  assumes  a  new  substance  which, 
by  transforming  itself  like  visual  purple,  would  give  rise  to  the  percep- 
tions  of  red  and  green.  It  is  quite  evident  what  an  important  rdle 
unverified  hypotheses  play  in  this  theory  as  in  that  of  Koenig.  Never- 
theless, it  might  be  remarked  that  the  study  of  subjects  afflicted  with 
achromatopsia,  more  or  lees  complete,  is  Busce[)tible  of  t'urnishingmany 
interesting  results. 

Von  Kries  and  his  pupils  have  for  the  most  part  been  engaged  in 
observationfl  of  thiis  iiatnre.  But  if  they  believe  that  they  have  over- 
thrown Hering's  theory,  others  like  Kirechmann  think  that  they  can 
show  the  inauflBciency  of  every  theory  admitting  only  three  sources  of 
laminous  sensations.  On  the  basis  of  a  study  of  color-blindness  the 
latter  believes  that  he  has  established  that  the  customary  division  of 
cases  of  color-hlinduess  into  blindness  for  blue  and  yellow  and  blind- 
ness for  red  and  green  is  insufficient  to  explain  the  facts. 

With  such  iin  accnniulatiou  of  data  some  are  very  likely  to  be  in 
contradiction  to  the  others,  and  hence  there  rises  the  need  of  a  synthetic 
treatise  criticising  the  diCTerciit  theories  and  combining  them  to  form  a 
new  one  which  c-an  coordinate  all  psychological,  physiological,  patho- 
logical, bistoiotfical,  and  chemical  data  appertaining  to  tbe  subject  of 
color  vision.  M.  Victor  Henri  is  of  tbe  opinion  that  a  publication  of 
Prof.  <i.  I'}.  MUilcr,  of  <)<ittingen,  on  the  " Psycbo-physics  of  visual 
sensation"  meelH  tliis  dcHideratuni.  A  very  interesting  analysis  of  bis 
results  is  to  be  found  in  the  fuarth  vulunio  of  I/Annt-e  Psychologtqne, 
but  wu  shall  have  to  limit  ourselves  to  a  stiitement  of  the  conclusions 
reacbetl.  All  visual  sensations  are  based  on  six  chemical  processes  of 
the  retina,  corresi  ion  ding  to  the  sensations  of  white,  bluck,  red,  gi'een. 
yellow,  blue;  the  author  ado|>ts,  moreover,  on  tbe  wliole,  the  views  of 
Von  Kries  and  I'arinnud  in  regard  to  tbe  role  of  tbe  cones  and  rods. 
He,  however,  contends  that  tbe  visual  substances  are  the  same  hi  both. 

In  a  separate  publication  on  the  visual  sensations  produced  by  the 
galvanic  current,  Mdller  announces  it  as  a  general  fact  that  when  tbe 
current  passes  through  tbe  eyes  toward  tbe  back  of  the  head  the  sob- 

tt  experiences  a  bright  blnered  color  sensation,  while  if  the  current 
ises  iu  tbe  op^KtsIte  direction  the  sensation  produced  is  that  of  a 
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dark  greeDish- yellow.  Here  is  a  confirmation  of  the  theory  of  reversed 
cbemical  reactions  on  the  retina.  It  woold  seem  to  us  that  this  woald 
be  rather  an  argnment  in  favor  of  the  three  sohstances  of  Heriog  Chan 
of  the  six  sabstsnces  of  Miillerj  bat  possibly  we  have  not  entirely 
Qomprehentled  his  theory,  a  disadvantage  often  unavoidable  when  one 
works  with  a  mere  r^snmd,  however  well  made.  We  are  not  confronted 
by  the  same  difficulty  in  reviewing  the  theories  of  MM.  Nicati  and 
Gharpentier,  that  of  the  former  having  been  published  in  UAnuales 
d'Ophtaln.oIogie,  January,  1895.  After  having  pointed  out  that  lumi- 
nous sensations  of  very  small  dimensions,  although  corresponding  to  a 
retinal  field  smaller  than  the  rod  itself,  are  recogDized  in  their  proper 
colors,  and  having  concluded  therefrom  that  the  same  rod  must  be 
capable  of  transmitting  different  colors,  the  author  assumes  that  there 
should  coiTespond  to  the  different  chemical  actions,  produced  by  the 
different  radiations,  variations  in  the  quantity  and  tension  of  the 
electric  currents  engendered  by  tbem.  Tbe  short  radiations  having 
an  intense  and  rapid  action,  shoulil  develop  currents  of  maximum 
quantity  and  minimnm  tension.  These  can  only  flow  throogh  nerve 
filaments  of  small  resistance — that  is  to  say,  the  short  and  thick  ones — 
while  the  currents  of  high  tension  are  able  to  follow  the  long  and  thin 
filaments,  which  ofi'er  a  greater  resistance.  These  different  currents 
are  discharged  npon  the  optoblaats,  which  are  differentiated  by  tbe 
influence  of  habit  and  heredity,  and  hence  result  the  differences  in  color 


Much  more  subtle  and  more  complex  in  its  details  is  the  theory  of 
Oharpent  ier.  As  we  have  already  pointed  out,  he  diistinguishes,  together 
with  Parinaud,  three  functions  of  the  retina — luminous  sensibility, 
chromatic  sensibility,  and  visual  sensibility.  Up  to  this  time  we  have 
not  dwelt  much  on  the  latter,  but  it  is  to  play  a  preponderating  role 
in  the  theory  we  are  about  to  discuss,  au<I  it  is  therefore  necessary  to 
dwell  on  this  function  somewhat  before  taking  up  the  consideration  of 
the  theory. 

If,  while  in  darkness,  we  determine  the  minimum  illumination  neces- 
sary for  the  perception  of  a  luminous  surface  of  considerable  extent, 
we  find  there  is  no  sensible  difference  in  the  aspect  of  that  surface, 
whether  it  be  brightly  or  dimly  Illuminated ;  but  if  the  surface  be  snf- 
ffciently  small  it  is  seen  under  a  minimum  illumination  as  a  diffused 
spot  with  indistinct  outlines  always  much  larger  than  it  really  is.  A 
sharp  perception  of  its  form  and  dimensions  requires  a  stronger 
illumination. 

The  enlargement  of  a  dimly  illuminated  image  is  explained  by  the 
diffusion  of  the  laminoas  impression  on  the  retina  or  in  the  nerve  centers, 
a  fact  which  has  been  thoroughly  verified,  hut  distinct  vision  evidently 
requires  an  additional  stimulus  or  the  excitation  of  a  new  physiological 
element. 

By  means  of  very  small  holes,  a  millimeter  apart,  in  an  opaque  screen, 
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Gbafpeatier  has  sbotro  that  from  two  or  three  tiues  to  dgfateen  or 
twenty  times  more  light  ia  ueeded  for  distiDgaishing  the  lumiiioiis 
points  than  for  merely  appreheoding  the  primitive  luniiioaH  aeiuatioD. 
The  difference  is  still  greater  for  an  adapted  eye,  as  we  might  have  f<Me- 
seen,  unce  it  is  known  that  adaptation  does  not  develop  the  seiisitire- 
ness  of  the  yellow  spot,  where  viaaal  perception  ia  at  ita  beat.  Contina- 
ing  the  stndy  of  the  pheoomenon,  if  the  small  points  are  soccesBively 
illaminated  with  the  different  spectral  coIots,  and  if  the  ratioa  of  the 
intensity  reqaired  for  the  luminous  sensation  and  that  permitting  a 
distinction  of  the  imiiits  be  determined,  it  ia  observed  that  these  ratios 
exceed  nuity  in  proportion  as  the  color  is  more  relrangible.  In  this 
counevtioD  we  may  recall  analogous  facts  relative  to  the  distinctioD 
between  laminons  sensibility  und  color  perception.  This  general  agree- 
ment, espresaetl  in  exact  flgnres,  is  transformed  into  an  almost  rigor- 
ons  pro[K>rtioiiality,  for  the  ratio  l>etween  the  inteudties  required 
for  distinct  vision  of  the  |ioints  and  for  the  jterception  of  their 
color  only  varit-s  between  1.80  and  l.il^t,  according  to  the  specbid  color 
employed. 

From  these  facts  rariuaad  concluded  that  the  retinal  elements 
involved  in  distinct  vision  are  the  same  as  those  involved  in  color  per- 
ception, to  which  conclusion,  however,  Cbarpentier  takes  exception. 
The  latter  points  oat  that  the  distribution  of  visual  sensibility  through- 
ont  the  extent  of  the  retina  is  not  the  same  as  that  of  color  perceptioD, 
which  decreases  regularly  from  the  center  of  the  retina  to  its  periphery, 
while  visual  sensibility  decreat^es  much  more  rapidly.  On  the  other 
hand,  in  the  fovea  itiself  the  |>erception  of  colors  is  almost  nero,  while 
the  visual  sensibility  has  there  its  maximom.'  If  it  be  remarked 
that  luminous  sensibility  is  also  verj'  feeble  iu  the  fovea,  one  is  led  to 
the  conclusion  that  chromatic  sensibility  esists  only  in  those  regions 
where  both  Inminoos  and  visual  sensibilities  exist  at  the  same  time, 
and  moreover  that  it  undergoes  variations  throughout  the  extent  of 
the  retina,  which  corresjMnd  sufficiently  well  to  the  mean  of  these  two 
fnnctious. 

One  is  thus  led  to  the  view  that  color  sensation  is  due  to  the  combined 
action  of  the  elements  of  both  the  luminous  and  visual  sensibilities.  It 
is  thus  indneed  by  a  physiological  fact,  due  to  the  simnltaneons  exist 
ence  of  two  distinct  impressions  produced  iu  the  organ  of  sight  by 
luminous  rays.  Starting  out  from  this  conception,  naturally  suggested 
by  the  facts,  Cbarpentier  formulates  a  bold  theory  of  which  he  is  the 
first  to  recognize  the  highly  hypothetical  character,  but  which,  it 
appears  to  ns,  de^rves  a  detailed  analysis. 

In  seeking  the  possible  nature  of  the  two  fundamental  actions  we  are 
led  to  the  T  -e  former  or  pbotoa^sthetic  action  (being  photo- 

chemical) '  visual  purple.     The  second  or  visual  action 

■Cormpoi  ',  ir«  Rod  tbat  tbe  nerve  cells  in  relktioo  with  tha 

nsenls  »n  i.  ipolar,  as  elsewhere  in  the  mtios. 
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presents  the  peculiarity  of  being  ftpproximat«lr  proportioDBl  to  the 
ftbBolate  energy  of  the  light,  the  intensity  of  which  has  been  determined 
in  the  different  parts  of  the  spectrnm  by  Laugley.  Prom  this  propor- 
tionality we  may  conclude  that  the  light  acts  by  itself  in  the  visaal 
faoction,  being  withont  doabt  integrally  absorbed  by  a  material  which 
is  perhaps  the  pigment  of  Jacob's  membrane — a  pigment  which  snr- 
rouDds  and  separatAS  flrom  one  another  the  rods  and  the  cones.  This 
absorption  of  light  wonld  beat  the  pigment  and  therefore  the  visnat 
elements,  and  might  generate  at  the  same  time  thermo-electric  cturenta. 
Vibrations  of  an  indeterminate  nature  should  thus  be  produced  iu  the 
nerre  fibers,  and  these  ribratious  should  be  similar  to  eaoh  o^ber  as  to 
fonn  and  wave  length,  whatever  be  the  nature  of  the  exciting  rays, 
since  it  is  the  pigment  which  directly  produces  the  excitation;  the 
visual  elements,  therefore,  can  not  of  themselves  provoke  a  color  Ben8a- 
tion.  It  is  quite  easy  to  produce  the  luminoun  sensation  independently 
by  means  of  any  spectral  ray  whose  intensity  is  too  feeble  to  act  on 
the  visoal  element,  and,  as  is  well  known,  a  bluish-white  sensation  is 
produced  by  all  colors.  Ou  the  other  band,  the  visual  sensation  may 
also  be  isolated  by  fatiguing  the  eye  by  a  white  light,  sufficiently 
intense  to  decrease  the  excitability  of  the  photoiestbetic  element 
below  that  of  the  visoal  element,  under  which  conditions  even  the  red 
does  not  appear  colored.  For  the  same  reason  all  colors,  if  of  sufficient 
intensity,  give  rise  to  a  white  sensation,  and  hence  the  above  conjectures 
are  found  to  be  verified. 

This  granted,  the  calorific  action  and  the  chemical  action  »i'  light 
both  give  rise  to  undulations  in  the  nerve  libers,  and  it  is  probable 
that  their  wave  lengths  difiier,  but  it  must  be  assnmed  that  these 
lengths  bear  a  simple  ratio  to  one  another,  since  tliey  must  give  rise 
to  a  complex  vibration  of  a  definite  nature  to  produce  a  definite 
color  sensation.  Recalling  that  the  relative  amplitude  of  the  two 
kinds  of  vibrations  varies  with  the  different  colors,  that  for  a  given 
amplitade  of  visnal  vibration  the  amplitude  of  the  photocbemical 
undulation  increases  rapidly  from  the  red  to  the  violet,  it  will  be 
recognized  that  the  form  of  the  undnlattoo  should  vary  with  the  ratio 
of  the  two  amplitudes — that  is  to  say,  with  the  color. 

Besides,  M.  Cbarpentier  has  demonstrated  the  existence  of  a  reaction 
time  in  the  action  of  light  on  the  organ  of  luminous  sensibility — a 
reaction  time  which- increases  from  the  red  to  the  violet — while  the 
reaction  time  relative  to  visual  sensibility  does  not  vary  with  the 
color.  From  this  there  results  a  new  cause  for  variation  in  the  form 
of  the  resulting  undulation,  since  the  undulation  of  photochemical 
origin  does  not  coincide  in  phase  with  the  undulation  of  pigineutary 
origin.  On  the  basis  of  this  double  difference  of  phase  and  relative 
amplitude,  and  making  certain  arbitrary  assumptions  in  regard  to 
the  relative  length  of  the  two  waves,  as  well  as  concerning  the  two 
elements  varying  with  the  colors,  M.  Oharpentier  has  constructed  a 
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number  of  curves  whivfa  perfectly  explain  tbe  laws  of  color  mixture, 
especially  that  of  complementary  colors. 

Aaide  fbim  ita  ingenuity,  this  theory  presents  a  eorjous  peculiarily 
iu  er^ving  an  objective  basis  to  the  testhetic  affinity  of  colors  and  cer- 
tain sounds,  an  affinity  so  definitely  recognized  in  the  GermaB  lan- 
guage and  by  the  m^ority  of  authorities  oti  iiestheticB.  This  affinity  U, 
however,  in  direct  contradiction  with  physical  phenomena,  since  colors 
depend  on  the  number  of  vibrations  in  a  unit  of  time,  and  therefore 
correspond  to  the  pitch  of  a  sound  and  not  to  its  quality.  We  have 
pointed  out  in  a  study  on  the  relations  between  paiotiog  and  music' 
bow  we  bad  to  recoguize  that  the  eesthetic  imagination  struggles  against 
this  purely  scientific  objectiou,  although  we  ourselves  were  disinclined, 
for  the  above  reasons,  to  admit  the  similarity  of  col  ir  in  light  and 
timbre  iu  sound.  Bight  or  wrong,  it  is  a  satistaction  to  us  to  see  that 
this  contradiction  can  be  removed  by  supposing  a  transformation  to  be 
effected  in  our  organism,  thus  permittiug  the  difference  in  colors  to 
rest  (just  as  those  of  quality  in  sound)  ou  a  difference  in  the  form  of  . 
the  vibrations  or  undulations.  However  this  may  be,  M.  Charpeutier 
has  endeavored  since  1885,  when  be  first  formulated  his  theory  of  oolor 
vision,  to  verify  it  by  experiments  which,  however,  only  appear  to  have 
had  a  betiriog  upon  the  question  of  retinal  vibrations,  ou  which  subject 
be  has  published  numerous  articles  since  1890.  A  list  of  these  Is  giveu 
in  his  article  in  the  Itevue  G<-n^rale  dcs  Sciences. 

It  is  to  be  hoped  that  he  will  not  remain  alone  in  the  exploration  of 
this  field,  and  that  the  German  school  will  devote  to  it  a  little  of  the 
zeal  it  devotes  to  the  study  of  vision. 

In  bringing  this  article,  which  is  devoid  of  any  personal  pretensions, 
to  a  close,  we  can  but  regret  its  insufficiency  in  every  respect.  Onr 
aim  wilt,  however,  have  been  attainrd  if  we  have  succeeded  in  directing 
tbe  attention  of  the  reader  unfamiliar  with  the  subject  to  the  great 
interest  of  the  researches  on  tbe  subject  we  have  specially  considered, 
and  on  still  others  tending  to  modify  greatly  the  science  of  physio- 
logical optics. 

'  Bevae  Phiiosophiqiie,  Aognat,  1SS5. 
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aoMB  c0EioaiTiEa  of  vision.' 

By  Shblford  IUdwell,  Eaq.,  M.  A.,  LL,  B.,  F.  R.  S.,  M.  R.  I. 


Tbe  functioD  of  the  eye,  regarded  as  an  optical  iuBtrament,  is  limited 
to  the  formation  of  luminODH  images  npori  the  retina.  From  a  purely 
physical  point  of  view  it  is  a  simple  enongb  piece  of  apparatus,  and,  as 
was  forcibly  pointed  oat  by  Helmholtz,  it  is  subject  to  a  number  of 
defects  vhicb  can  be  demonstrated  by  the  simplest  tests,  and  which 
woald,  in  a  shop-boaght  ingtmment,  be  considered  intolerable. 

What  takes  place  in  the  retina  itself  under  Inminons  excitation,  and 
how  the  sensation  of  sight  is  prodaced,  are  qaestions  which  belong  to 
the  sciences  of  physiology  and  psychology;  and  in  the  physiological 
and  psychological  departments  of  tbe  visual  machinery  we  meet  with 
an  additional  host  of  objectionable  peculiarities  from  which  any 
bnmanly  constructed  apparatus  is  by  the  nature  of  the  case  free. 

Tet  in  spite  of  all  these  drawbacks  our  eyes  do  us  excellent  service, 
and  provided  that  they  are  (ree  from  actual  malformation  and  have 
not  suffered  from  injury  or  disease,  we  do  not  often  flud  faalt  with 
them.  This,  however,  is  not  because  they  are  as  good  as  they  might 
be,  but  because  with  incessant  practice  we  have  acquired  a  very  high 
degree  of  skill  in  their  use.  If  anything  is  more  remarkable  than  the 
ease  and  certainty  with  which  we  have  learned  to  interpret  ocular  indi- 
cations when  they  are  in  some  sort  of  conformity  with  external  objects, 
it  is  the  pertinacity  with  which  we  refuse  to  be  misled  when  our  eyes 
are  doing  their  best  to  deceive  us.  In  our  earliest  years  we  began  to 
find  out  that  we  must  not  believe  all  we  saw.  Experience  gradaally 
taught  ns  that  on  certain  points  and  under  certain  circumstances  the 
indications  of  our  organs  of  vision  were  uniformly  meaningless  or  fal- 
lacious, and  we  soon  discovered  that  it  would  save  us  trouble  and  add 
to  the  comfort  of  life  if  we  cultivated  a  habit  of  completely  ignoring  all 
such  visual  sensations  as  were  of  no  practical  value.  In  this  most  of 
us  have  been  remarkably  successful,  so  much  so  that,  if  from  motives 
of  cariosity  or  for  tbe  sake  of  scientific  experiment,  we  wish  to  direct 
oar  attention  to  the  sensations  in  question  and  to  see  things  as  they 

'  From  Pr(K»eding8  of  tlie  Royal  Inntitation  of  Great  Britain,  Vol.  XV,  Part  II, 
No.  91,  April,  1898,  pp.  354-36S.    Read  at  week!;  evening  moetiag,  Frida;,  Match 
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actually  appear,  we  can  only  do  so  with  the  greatest  difflca!ty;  Bome- 
times,  iodeed,  not  at  all,  ualess  with  the  aeslBtauce  of  some  specially 
contrived  artifice, 

I  propose  to  diacass  to-night  a  few  of  the  less  familiar  vagaries  of 
the  visnat  organs,  and  will  do  my  best  to  assist  in  the  illostratioD  of 
them.  Bat  it  will  be  my  part  merely  to  provide  the  apparatus  for  the 
experiments}  the  experiments  maet  Chemaelves  be  carried  out  by  each 
of  yon  individually.  Some  of  them  will,  I  am  afraid,  be  foand  rather 
difficnlt;  SQCcess  will  depend  mainly  apon  your  power  of  laying  aside 
habit  and  pregndice  and  giving  close  attentiou  to  yoor  visual  sensations. 
I  hardly  dare  to  hope  that  everyone  present  will  observe  all  the  pecoli- 
arities  and  defects  wbich  it  in  intended  to  demonstrate,  bat  in  case  of 
failare  I  generally  find  that  there  is  a  comfortable  tendency  to  attribute 
it  not  to  any  deficiency  in  the  observer's  power  of  concentrating  his 
attentiou,  but  to  the  fact  that  his  eyes  are  not  as  other  men's,  and  are 
free  from  the  particular  defect  which  it  is  desired  to  bring  into  promi- 
nence. Of  course,  anyone  is  welcome  to  such  an  entirely  satia^tory 
opinion. 

Among  the  most  annoying  of  the  eccentricities  which  characterize  the 
sense  of  vision  is  that  known  as  the  persistence  of  impressions.  The 
sensation  of  sight  which  is  produced  by  an  illuminated  object  does  not 
cease  at  the  moment  when  the  exciting  cause  is  removed  or  changed 
in  position,  butcontinuesforaperiod  which  is  generally  said  to  be  aboat 
one-tenth  of  a  second,  but  may  sometimes  be  much  more  or  less.  It  is 
for  this  reason  that  we  can  not  see  the  details  of  anything  which  is  in 
rapid  motion,  but  only  an  indistinct  blur,  resnlting  from  the  conftisioD 
of  successive  impressions.  When  I  tarn  this  disk,  wbich  is  painted  in 
black  and  white  sectors,  you  soon  lose  sight  of  the  divisions,  and  if 
the  speed  is  high  enough  the  whole  surface  appears  to  be  of  a  uniformly 
gray  hue.  If  we  illuminate  the  rotating  disk  by  a  properly  timed  series 
of  electric  Hashes,  it  looks  as  if  it  were  at  rest,  and  in  spite  of  the  inter- 
mittent nature  of  the  light,  the  black  and  white  sectors  are  seen  quite 
continuously,  though  as  a  matter  of  fact  the  intervals  of  durkness  are 
very  much  longer  than  those  of  illumination. 

The  persistent  impressions  which  we  have  been  discussing  are  often 
spoken  of  as  positive  after-images. 

There  is  one  very  remarkable  pbenomenon  accompanying  the  forma- 
tion of  positive  after-images,  especially  those  following  brief  illumina- 
tion, which  seems,  until  comparatively  recent  times,  to  have  entirely 
escaped  the  notice  of  the  most  acute  observers.  It  was  first  observed 
accidentally  by  Prof.  C.  A.  Young,  when  be  was  experimenting  with  a 
large  electrical  machine  which  had  been  newly  acquired  for  his  labora- 
tory. He  noticed  that  when  a  powerful  Leyden  jar  discbarge  took  place 
in  a  darkened  room,  any  conspicuous  object  was  seen  twice  at  least, 

'th  au  interval  of  a  trifie  less  tban  a  quarter  of  a  second,  the  first 
>  second  time  faintly.    Often  it  was  seen  a  third  time, 
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and  sometimes,  bat  only  with  very  great  diffionlty,  even  a  fourth  time. 
He  gave  to  this  pheaomeDon  the  Dame  of  recurrent  vision;  it  may 
perhaps  be  more  appropriately  denominated  the  Tonug  effect. 

We  have  here  a  machine  presented  to  the  ioRtitution  by  Hr.  Wims- 
hurst,  wliich  is  a  giant  in  compariaoii  with  that  used  by  Professor 
Young,  and  I  hope  by  its  means  to  be  able  to  show  the  effect  to  every- 
one present  who  will  give  a  little  attention.  Looli  in  the  direction  of 
some  object  which  is  exposed  to  the  light  of  the  discharge;  the  object 
will  be  seen  for  an  instant  at  the  moment  when  the  spark  passes  and 
yon  hear  the  crack,  and  after  a  durk  interval  of  about  one-fifth  of  a 
second  it  will  make  another  brief  appearance.  Some  of  you  may  per- 
haps see  even  a  second  recurrent  image.  Under  certain  conditions  I 
myself  have  observed  no  less  than  six  reappearances 
of  an  object  which  was  illuminateil  by  a  single  dis- 
charge. 

Twelve  years  ago  I  called  attention  to  a  very  different 
method  of  exhibiting  a  recurrent  image.  The  apparatus 
used  for  the  purpose  consists  of  a  vacuum  tnbe  mounted 
in  the  usnal  way  apon  a  horizontal  axis  capable  of 
rotation.  When  the  tube  is  illuminated  by  a  rapid 
saccession  of  discharges  from  an  induction  coil,  and  is 
made  to  rotate  \'ery  slowly  (at  the  rate  of  about  one 
turn  in  two  or  three  seconds)  a  very  curious  phe- 
nomenon may  be  noticed.  At  a  distance  of  a  few 
degrees  behind  the  tube,  and  separated  from  it  by  a 
clear  interval  of  darkness,  comes  a  ghost.  This  gUoHt 
is  in  form  an  exact  reprodnctlon  of  the  tube;  it  is 
very  clearly  defined,  and  though  its  apparent  lumi- 
nosity is  feeble,  it  can  no  donbt  be  easily  seen  by  most  p,^  , 
of  you.  The  varied  colors  of  tlie  original  are,  however, 
absent,  tlie  whole  of  the  phantom  tube  being  of  a  nnifbrni  bluish  or 
violet  tint.  If  the  rotation  is  suddenly  stopped,  the  ghost  still  moves 
steadily  on  nntil  it  reaches  the  luminous  tube,  with  which  it  coalesces 
and  BO  disap[>earB.  (See  fig.  I,  where  the  recurrent  image  is  indicated 
by  dotted  lines.) 

I  returned  to  the  subject  three  or  four  years  ago,  with  the  primary 
object  of  ascertaining  whether  or  not  the  Young  effect  was  identical 
with  one  which  had  recently  been  discovered  by  Cbarpenticr,  and  which 
willbereferredtu  presently.  A  certain  phenomenon  which  I  had  attrib- 
uted to  the  Young  effect  was  quoted  by  Charpentier  as  exempliiying  his 
own  newly  observed  one,  I  fonud,  however,  that  the  two  effects,  though 
both  of  an  oscillatory  character,  were  in  fact  quite  distinct  from  one 
another.  The  results  of  my  experiments  in  relation  to  this  and  other 
allied  matters  were  embodied  inacoramuuicationto  the  Royal  Society.' 

In  investigating  the  intlnence  of  color  utKtn  the  Young  effect,  two 


'  Prw.  Roy.  Soo.,  Vol.  LVI,  p.  132  (1894). 
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methods  nf  exi>erimeiitiiig  were  employed.  In  the  first,  colored  light 
was  obtaiiiod  by  passing  vrliite  light  throagh  colored  glasses;  in  the 
second  iind  more  perfec^t  series  or  experiuients,  the  pure  colored  light 
of  the  spectram  was  used.  Among  other  results,  it  was  found  that 
cet«ria  paribus  the  recurrent  image  was  much  stronger  with  green  light 
than  with  any  other,  and  that  when  the  excitation  was  produced  by 
pnre  red  light,  however  intense,  there  was  no  recurrent  image  at  all. 

1  inteuil  to  attempt  a  rei>etitioD  of  my  first  experiment  before  yoa. 
A  metal  disk  with  a  small  circular  aperture  near  its  edge  is  placed  in 
the  lanteru,  and  its  image  ]iroJiH'te<l  upon  the  screen.  When  the  disk 
is  turneil  slowly  the  s]K»t  of  light  uimn  the  screen  goes  round  and  round, 
and  some  of  yon  may,  iterliaps.  be  able  to  see  at  once  that  the  bright 
primnrv  spot  appears  to  be  followi^l  at  a  short  distance  by  a  much  feebler 
S|N)t  of  a  violet  color,  which  is  the  recnrrent  image  of  the  first.  It  is 
esst^'utiat  to  keep  the  dJrei-tion  of  the  eyes  |ierfectly  steady,  which  is  not 
au  easy  thing  to  do  without  pnu-tii-e.  (See  fig.  -.)  If  now  we  place  a 
grei'ii  };la88  ltef«>re  the  lens,  the  ghost  will  be  at  its  beet.  Mid  all  of  yoa 
^^^_^  should  be  able  tt>  see  it,  pm\~idMi  that  you  do 

^~'         "*■  not  look  at  it.      With  an  orange  glass  the 

ghost  Ikeromes  less  distinctly  visible,  ami  its 
color  generally  ap^tcars  to  be  blnish-green 
instead  of  violet  as  before.  When  .1  red  glass 
is  subsiitutetl,  the  ghost  completely  disap- 
pears. If  the  speed  of  rotation  is  sufficiently 
high,  the  nnl  s)M>t  is  considerably  elongated 
during  its  tvvolntion.  and  its  color  ceases  to 
be  nnifomi.  the  rear  itortion  assuming  a  light 
btnish-pink  tinge.  But  however  great  the 
'^*  *■  s)H*e«l,  n«>  c<>raplete  iaeparatkm  of  the  spot  into 

nrd  :iih1  pink  jtortM^ns  can  Im>  edVvteal.  ami  nore^-nrreot  image  isev^ 

The  siteoimm  ivo:l),*d  of  iJwiTV-atitin  can  only  b<'  i-:jirricil  out  OD  a 
smai:  Aan\Avd  c^n  ih^t  lie  e\hibiml  to  an  «:iii)ence.  It.  bowew, 
atiorvis  I'lC  '>ec>t  nH';4:isi>;';!iMt^rta;ni::^li<>wfM'  the  apiwcni  color  of  the 
r(*'urt>>;-.i  ;:v.*j:y  d<;>'<:>!s  i;;^vi  thai  i>:"  thr-  j'T.riiaiy.  a  msner  of  scale 
jiw\we:  .al  ::-:<>iTst,  I  !,>«:5d  that  wh;;e  Miihi  »»s  foil,*wed  byaTtoiet 
i»c:'.rT<v:  iaw^-;  *:*ct  '.*':;♦  and  yrven.  wi-<r.  site  image  was  brightest^ 
iis^^T  WAS  *',A>  \:.^".::  *;;<t  _\*-:;.nw  *ni;  ««rge,  it  appaand  Mneor 
j:w«::>>.  ■.■■•,:o,  *.>;,  ;h»'  i^;her  "..arii.  wN",  a  ^■•T>;-,;«e  si>ecir«B  was 
oftc^KN!  ;.*  rev-.v>-if  :■.■v^^.  ;hr-  A-wy-.  :>:i-  » ",f>  .ijf  its  rvtrarrent  naage 
mir;.  e^'.^i  to  c.^i  :»;';<c*Tivi  v:,^^': ;  jhc jy  »  *s  ih'  iV'twuaix^  of  false  or 

:t  was  <\T.-.V.:.;e»;  ;,  %•<  !.v  !r-.:e  o.t-  .t  »*s  .r.  *V,  c»>««  tv*:>  vioie*.  th« 
Nae  a»ii  j:Ty>er'.<l,  Xae  a-.^;VA:v;:"^i  !<>cr,  ■.?;  ,»v  u-,:?  :,  wiik  iW  Bach 
Svrfiwr  Ty"..*  *-r,  I'-T-jriTP  .-:"  :  -e  •.  rrrAr>  S*-™::  T.ir«->  aa  illB9Di7 
cCor  T;..>  ivv  :r*s;  ,-\vi  •*.;.  .,,,.>;7^:.x;  iya  laatmi 
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slide.)  It  seems  likely,  then,  that  the  effect  wbich  has  been  spoken  of 
as  recurrent  viaipD  is  due  principally,  if  not  entirely,  to  an  action  of 
the  violet  nerve  fibers.  It  need  hardly  be  pointed  oat  tbat  it  representa 
only  a  transient  phase  of  the  well-known  positive  after-image,  and  it 
had  even  been  ohaerred  io  a  vague  and  uncertain  sort  of  way  long 
before  the  date  of  Professor  Yoang's  exjteriment.  Helmholtz,  for 
example,  mentions  the  case  of  a  xwsitive  after-image  which  seemed  to 
disappear  and  then  to  brighten  np   again;  ^^_^_^^ 

bat  be  goes  on  to  explain  that  tlie  seeming 
disappearance  was  illusory. 

M.  Ohari>entier,  of  Nancy,  whose  name  f 
have  already  mentioned,  was  tlie  first  to 
notice  and  record  a  remarkable  phenomenon 
which,  in  some  form  or  other,  mnst  present 
itaelf  many  limes  daily  to  every  person  who 
is  not  blind,  but  which,  until  about  six  years 
ago,  ba<l  been  absolutely  and  universally 
Ignored.  Tlie  law  which  is  associated  with 
Oharpentier's  name  is  this:  When  darkness 

is  followed  by  light,  the  stimnlas  which  the  relina  at  first  receives,  and 
which  cause;!  the  sensation  of  luminosity,  is  8uccee<1ed  by  a  brief  jieriod 
of  insensibility,  resulting  in  the  sensation  of  momentary  darkness. 
It  appaars  that  the  dark  ]>eriod  begins  about  one-sixtieth  of  a  second 
after  the  light  has  first  been  admitted  to  the  eye,  and  lasts  for  itboat 
an  equal  time.    The  whole  alteration  from  light  to  darkness  and  back 
again  to  light  is  performed  so  rapidly  that  except 
under  certain  conditions,  which,  however,  owur  fre- 
quently enough,  it  can  not  be' detected. 

The  apparatus  which  Charpentier  emjtloyed  for 
demonstrating  and  measurhig  the  duration  of  this 
effect  is  very  simple.  It  consists  of  a  blackened  disk 
with  a  white  sector  mounted  upon  an  axis.  When 
the  disk  is  illuminated  by  sunlight  and  turned  rather 
slowly,  there  appears  upon  the  white  sector  close 
behind  its  leading  edge  a  narrow  bat  well-defined 
(lark  band.  (See  fig.  3.)  The  portion  of  the  retina 
which  is  apparently  occupied  at  any  moment  by  the 
Fio.  4.  dark   band  is   that  upon  which  the  light  reflected 

by  the  leading  edge  of  the  white  sector  has  fallen 
one-sixtieth  of  a  second  previoasly. 

But  no  special  apparatus  is  required  to  stiow  the  dark  reaction ;  It  is, 
as  I  have  said,  an  exceedingly  common  phenomenon.  In  figure  i  an 
attempt  has  been  made  to  illustrate  what  anyone  may  see  if  be  simply 
moves  his  hands  between  his  eyes  and  the  sky  or  any  strongly  illumi- 
nated white  surface.  The  hand  appears  to  be  followed  by  a  dark  oat- 
line  separated  ttom  it  by  a  bright  interval.    The  same  kind  of  thing 
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happeus  in  a  more  or  less  marked  degree  whenever  a  dark  object  moves 
across  a  bi-igbl  backgroaiid,  or  a  brigbt  object  across  a  dark  background. 
Id  order  to  see  the  effect  distinctly  by  Oharpentier's  origiual  method 
the  illumination  most  be  strong.  If,  however,  the  arrangement  is 
slightly  varied,  bo  that  transmitted  instead  of  reflected  light  is  made 
nse  of.  comparatively  feeble  illnmication  is  safflcient.  A  very  effective 
way  is  to  turn  a  small  metal  disk  having  an  open  sector  of  aboat  60°  in 
fh)Dt  of  a  sheet  of  ground  or  opal  glass,  behind  which  is  a  lamp.  By  an 
anaugement  of  this  kind  upon  a  larger  scale  the  effect  may  easily  be 
rendered  visible  to  an  audience.  The  eyes  should  not  be  allowed  to 
follow  the  disk  in  its  rotation,  bot  should  be  directed  steadily  upon  the 
center. 

The  acute  and  educated  vision  of  CUarpentier  enabled  him,  even 
when  working  with  his  black  and  white  disk,  to  detect  the  oxisteuce, 
under  favorable  conditions,  of  a  second  and  sometimes  a  third  dark 
band  of  greatly  diminished  intAOsity,  though  he  remarks  that  the  obser- 
vation is  a  very  difficult  one.  What  is  probably  the  same  effect  can, 
however,  be  shown  qnit«  easily  in  a  different 
^ — -fc  manner.    If  a  disk  with  a  very  narrow  radial 

slit,  one-fiftieth  of  an  inch  or  one-half  milli- 
meter wide,  is  caused  to  rotate  at  the  rat©  of 
aboutone  turn  per  second  iu  front  of  a  bright 
background,  .sui;h  as  a  sheet  of  ground  glass 
with  a  lamp  behind  it,  the  moving  slit 
assumes  the  appearance  of  a  fan-shaped 
luminous  patch,  the  brightness  of  which 
diminishes  with  the  distance  from  the  lead- 
ing edge.  And  if  the  eyes  are  steadily  fixed 
ni»ou  the  center  of  the  disk  it  will  be  noticed 
Pjg^  5,  that  this  bright  image  is  streaked   with  a 

number  of  dark  radial  bands,  suggestive  of 
the  ribK  or  Ntieks  of  the  fan.  Near  the  circumference  as  many  as  four 
or  five  such  dark  streaks  can  be  distinguished  without  difficulty; 
toward  the  center  they  are  less  conspicuous,  owing  to  the  overlapping 
of  the  successive  images  of  the  slit.'  (The  effect  was  demonstrated 
by  means  of  a  rotating  disk  in  the  lantern,  and  is  roughly  indicated 
in  fig.  5.) 

The  dark  reaction  known  as  the  Gharpentier  effect  occurs  at  the 
beginning  of  a  period  of  illumiuatiou.  There  is  also  a  dark  reaction 
of  a  very  short  duration  at  the  end  of  a  period  of  illumination.  I 
should  explain  that,  owing  to  wliat  is  called  the  proper  light  of  the 
retina,  ordinary  darkness  does  not  appear  absolutely  black.  Even  in  a 
dark  room  on  a  dark  night,  with  the  eyes  carefully  covered,  there  is 
always  some  sensation  of  luminosity  which  would  be  sufficient  to  show 
"O  a  r«  lage,  if  one  could  be  produced.    Now  the  darkness 

I,  p.   143  (1694).     A  similiLT  oliservatiuu  wan  ilcKcribed  by 
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which  ia  experienced  after  the  extinction  of  a  light  is  for  a  nmall  frac- 
tion of  a  second  more  intense  than  common  darknees. 

I  believe  that  the  first  mention  of  this  dark  reaction  oocnrs  iu  tlte 
article  which  I  contributed  to  Nature  in  1885,  in  which  it  was  stated 
that  when  the  cnrrent  was  cut  off  from  an  illaminated  vacunm  tube 
"  the  Inminons  image  was  almost  instantly  replaced  by  a  corresponding 
image  which  appeared  to  be  intensely  black  upon  a  le»s  dark  back- 
gFonnd,"  and  which  was  estimated  to  last  from  one-fourth  to  one-half 
ofasecoud.  "Abnormal  darkness,"  it  was  added,  "  follows  as  a  reac- 
tion after  the  lominosity." 

In  the  Boyal  Society  paper,  to  which  I  bave  before  referred,  tliejKiiut 
is  further  discussed,  and  a  method  is  described  by  which  the  stage  of  reac- 
tion may  be  easily  exhibited  and  its  duration  approximately  measured. 
If  a  translucent  dJHk  made  of  stout  drawing  paper  and  having  an  open 
sector  is  caused  to  rotate  slowly  iu  front  of  a  luminous  backgrronud,  a 
narrow  radial  dark  baud  like  a  streak  of  black  paint  appears  upon  the 
paper  very  near  the  edge  which  follows  the  open  sector.  From  the 
space  covered  by  this  baud  when  the  disk  _ 

was  rotating  at  a  known  speed,  the  doration 
of  the  dark  reaction  was  estimated  to  be 
about  one-fiftieth  of  a  second.  {The  experi- 
ment was  shown  and  is  illustrated  in  tig.  C.) 

One  more  interesting  point  should  be 
noticed  iu  tlie  train  of  visual  phenomena 
which  attend  a  period  of  illumination.  The 
sensatiou  of  luminosity  which  is  excited  trhen 
light  first  strikes  the  eye  is  for  about  one- 
sixtieth  of  a  second  much  more  intense  than 
it  subsequently  becomes.    This  is  shown  by  ^^  ^ 

the  fact  that  the   bright  band   intervening 

between  the  leading  edge  of  tlie  white  sector  of  a  Charpentier  disk 
aTid  the  dark  band  appears  to  be  much  more  strongly  illuminated  than 
any  other  portion  of  the  sector. 

I  [iropose  ni>w  to  say  a  few  words  about  a  curious  plienumenon  of 
vision  which  occupied  my  attention  toward  the  end  of  last  year.' 

Rather  more  than  two  years  ago  Mr.  G.  H.  Benham  brought  out  a 
pretty  little  toy  which  he  called  the  artificial  spectrum  top.  [t  consists 
of  a  eanlboard  disk,  one  half  of  which  is  painted  black,  while  on  the 
other  half  are  drawn  four  successive  groups  of  concentric  black  liues 
at  different  distances  from  the  center.  When  the  disk  rotates  rather 
slowly  each  group  of  black  liues  generally  appears  to  assume  a  different 
color,  the  nature  of  which  depends  upon  the  speed  of  the  rotation  and 
the  intensity  and  quality  of  the  light.  Under  the  best  conditions  the 
inner  and  outer  groups  of  lines  become  bright  red  and  dark  blue;  at  the 
same  time  the  intermediate  groups  also  appear  tinted,  but  the  hues 

'  Proc.  Roy.800.,  Vol.  LX,  p.  370  (1896). 
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whicb  tbey  aBSame  are  rather  ancertain  adcI  difficult  to  specify.  By 
far  the  most  strikiDg  of  tlie  colors  exhibited  by  the  top  ia  the  red, 
and  Dext  to  that  the  bine.  This  latter,  however,  is  sometimes  described 
as  blnisli  green.     (7he  top  was  exhibited  »a  a  lsnt«m  slide.) 

My  recent  experimeiitB  seem  to  indicate  pretty  clearly  the  canse  of 
the  remarkably  bright  red  color,  and  alKo  that  of  the  blue.  The  more 
ieeble  tints  of  the  two  intermediate  groups  of  lines  perhaps  result  fh>m 
similar  causes  Id  a  modified  form,  but  these  I  have  not  yet  investigated. 
Id  the  red  color  we  have  another  Htriking  example  of  an  exceedingly 
common  phenomenon  which  is  habitually  disregarded;  indeed,  I  can 
find  no  record  of  its  ever  liaving  been  noticed  at  all.  The  fact  is,  that 
whenever  a  bright  image  is  suddenly  formed  u|>on  the  retina  after  a 
period  of  comparative  darkness,  this  imsige  api>ear8  for  a  short  time  to 
be  Burronnded  by  a  narrow  colored  border,  the  color  under  ordinary 
conditions  of  illumination  being  red.  If  the  light  is  very  strong  the 
transient  border  is  greenish  bine.  Sometimes  both  red  and  blue 
borders  appear  together,  the  blue  being  inside  the  red.'  The  color 
generally  seen  is,  however,  red,  nnd  it  is  most  conspicuous  with  good 
lamplight. 

This  observation  was  flrst  made  in  the  following  mauuer:  A  black- 
ened zinc  plate  with  a  small  round  hole  iu  it  is  fixed  over  a  larger  hole 
in  a  wooden  boanl;  the  hole  in  the  xinc  is  covered  with  a  piece  of 
thin  white  writing  paper.  Thus  we  are  furnished  with  a  sharply 
defined  translucent  disk  which  is  surrounded  by  a  jierfectly  opaque 
substance.  An  arrangement  is  made  for  covering  the  translucent  disk 
with  a  shutter  which  can  be  opened  very  rapidly  by  means  of  a  strong 
spring.  If  this  apparatus  is  held  between  the  eyes  and  a  lamp,  and 
the  translucent  disc  is  suddenly  disclosed  by  working  the  shutter,  the 
disk  appears  for  a  short  time  to  be  surrounded  by  a  narrow  red  bor- 
der. The  width  of  the  border  is  perhaps  one  twenty-Qlth  of  an  inch, 
or  1  millimeter,  and  the  appearance  last«  for  something  like  one-tenth 
of  a  second.  Most  people  are  at  drst  qui^e  uuable  to  recognize  thia 
effect,  the  difficnlty  being  not  to  see  it,  but  to  know  that  one  sees  it. 
Those  who  have  been  accustomed  to  visual  observations  genenilly  per- 
ceive it  without  any  difficulty  when  they  know  what  to  look  for,  and 
no  doubt  it  would  be  quite  evident  to  a  baby  &  few  weeks  old,  which 
bad  not  advanced  very  far  in  the  education  of  its  eyes. 

The  observation  is  made  rather  less  difficult  by  a  further  device.  If 
the  disk  is  divided  into  two  parts  by  an  opiique  strip  across  the  mid- 
that  eiich  half  disk  will  have  its  red  border,  and,  if  the 
sufficiently  narrow,  the  red  borders  along  its  edges  wilt 
ps  overlap,  and  the  whole  strip  will,  for  a  moment  after 
opened,  appear  red.  A  disk  was  prepared  by  gumming 
er  a  strip  of  tin  foil  about  one-thirtieth  of  aa  inch  wide. 


,ly  Bhowii  that  tbo  sre«DlBb-blu«  border  is  simplf  the  "n 
he  rod  one.     April  24. 
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The  effect  prodnced  wbeii  such  a  disc  is  exposed  is  iodicated  tu  flgnre 
7,  the  red  color  being  represeuted  by  shadiDg. 

A  simpler  apparatus  is,  however,  qnlte  safflcieiit  for  showing  the 
effect,'  and  with  practice  one  can  even  acquire  the  power  of  seeiug  it 
without  any  artificial  aid  at  all.  I  have  many  times  noticed  dashes  of 
red  apou  the  black  letters  of  a  book  that  I  was  reading,  or  upon  the 
edges  of  the  page.  Bright  metallic  or  polished  objects  often  show  it 
when  they  pass  across  the  field  of  vision  in  consequence  of  a  move- 
ment of  the  eyes,  and  it  was  an  accidental  observation  of  this  kind 
which  suggested  the  following  easy  way  of  exhibiting  the  effect  exper- 
iineotally: 

An  electric  lamp  was  fixed  behind  a  round  hole  in  a  sheet  of  metal 
which  was  attached  to  a  board.    The  hole  wan  covered  with  two  or 
three  thicknesses  of  writing  paper,  making  a  bright  disk  of  nearly  nni- 
form  laminosity.    When  this  was  moved  rather  quickly,  either  back- 
ward or  forward,  or  ronnd  and  round 
in  a  small  circle,  the  edges  of  the 
streaks  of  light  thus  formed  appeared 
to  bo  bordered  with  red. 

If  this  experiment  is  performed  with 
a  strong  light,  the  hole  becomes  bor- 
dered with  greenish  blue  instead  of 
red.  With  an  intermediate  degree  of 
illnmiuation  both  blue  and  red  may 
be  seen  together,  the  blue  being 
inside  the  red.  ^^  ,, 

Most  of  the  effects  that  have  so  far 
been  described  were  produced  by  transmitted  liffht,  but  redacted  light 
will  show  them  equally  well.  If  you  place  a  printed  book  betbre  you 
near  a  good  lamp  and  interpose  a  dark  screen  before  your  eyes,  then, 
wheu  the  screen  is  suddenly  withdrawn,  the  printed  letters  will  for  a 
moment  appear  red,  qntckly  changing  to  black.  Some  practice  is 
required  before  this  observation  can  be  made  satisfactorily,  bat  by  a 
simple  device  it  is  i>ossible  to  obliterate  the  imaf^^e  uf  the  letters  before 
the  redness  has  had  time  to  disappear;  the  color  then  becomes  quite 
easily  perceptible.  Ilold  two  screens  together  side  by  side,  a  black 
one  and  a  white  one,  in  such  a  manner  that  there  i»  ii  triangular  open- 
ing left  between  them.  In  the  first  place  let  tlie  black  Hcreen  cover  the 
printing,  then  <]uickly  move  the  screens  sideways  so  that  the  printed 
letters  may  be  for  a  moment  exposed  to  view  through  the  gap,  stop- 
ping the  movement  as  soon  as  the  page  is  covered  by  the  white  screen. 
During  the  brief  glimpse  that  will  be  had  of  the  black  letters  while 
they  are  beneath  the  gap,  they  will,  if  the  illumination  is  suitable, 
appear  to  bo  bright  red. 

We  may  go  a  step  further.    Cut  out  a  disk  of  white  cardboard,  divide 


'  See  Nature,  Vol.  LV,  p.  367  (Febrnary  18,  ISMj. 
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it  into  two  equal  parts  by  a  straight  line  tfarougli  tlie  center,  and  paint 
one  lialf  blavk.  At  the  junction  of  tbe  black  and  white  portions  cat 
oat  a  gap  which  may  conveniently  be  of  the  form  of  a  sector  of  about 
45°.  (See  fig.  8.)  Stick  a  long  pin  throagh  the  center  and  hold  the 
arrangeiiteiit  by  tlie  pointed  en<1  of  the  pin  a  few  inches  above  a  printed 
page  near  a  good  light.  Make  the  disk  spin  at  the  rate  of  abont  five  or 
six  turns  a  second  by  striking  the  edge  vith 
^'      *■  the  finger.     As  before,  the  letters,  when 

seen  through  the  gap,  will  appear  red,  and 
persistence  will  render  the  repeated  imprea- 
sioDs  almost  continuous.  Care  mast  be 
taken  that  the  disk  does  not  cast  a  shadow 
upon  the  printing,  and  that  the  intensity  of 
the  illumination  is  properly  adjusted.  I 
have  here  several  rather  more  elaborate 
contrivances  for  making  disks  rotate. 
In  none  of  these  experiments  does  an 
y^  g^  extended  black  surface  ever  appear  red,  but 

only  black   dots  or  lines,   which  may,  of 
course,  have  the  form  of  letters.     And  the  lines  must  not  be  too  thick; 
if  their  thickness  is  much  more  than  one  twenty-fifth  of  an  inch,  or  l 
milliroeter,  the  lines,  as  seen  by  an  observer  at  a  distance  of  2  or  3  feet, 
do  not  become  red  throughout,  bnt  only  along  their  edges.     The  red 
appearance  is,  in  fact,  not  dne  to  the  black  lines  themselves  at  all ;  these 
serve   merely  as  a    background  for 
showing  np  the   red    border  which 
fringes  externally  the  white  i>ortions 
of  the  paper,  and  the  width  of  this 
border  does  not  exceed   about  one- 
fifth  of  a  degree. 

(By  meiiDB  of  a  large  rotating  disk 
some  designs  in  black  lines  and  let- 
ters were  made  to  appear  red,  the 
effect  being  visible  in  all  parts  of  the 
theater.)  ^^  ^ 

When  the  disk  is  turned  in  the 
opposite  direction,  the  black  lines  apitear  at  first  sight  to  become  dark 
blue.  Attentive  observation,  however,  shows  that  the  ap]>arently  blue 
tint  ia  not  formed  upon  the  lines  themselveH,  as  the  red  tint  was,  bat 
upon  the  white  ground  Just  outside  them.  This  introduces  to  our  notice 
another  liorder  phenomenon  which  seems  to  present  itself  when  a  dark 
patch  is  suddenly  formed  on  abright  ground,  for  that  is  essentially  what 
takes  place  when  the  disc  is  turned  the  reverse  way.  I  made  some 
attempts  to  obtain  more  direct  evidence  that  such  a  dark  patch 
appeared  for  a  moment  to  have  a  blue  border,  and  after  some  trouble 
ancceeded  in  doing  so. 
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A  circniar  aperture  was  cut  in  a  wooded  board  and  covered  with 
white  paiierj  a  lamp  was  placed  behind  the  board,  and  thna  a  bright 
disc  waa  obtained,  as  in  the  former  experiment.  An  arrangement  was 
prepared  by  meaos  of  which  one-half  of  this  bright  disk  conld  be  sud- 
denly covered  by  a  metal  shutter,  and  it  was  found  that  when  this 
was  done  a  narrow  bine  band  appeared  on  the  bright  ground  just 
beyond  and  adjoining  the  edge  of  the  sholter  when  it  bad  come  to  rest 
The  blue  band  lasted  for  about  one- tenth  of  a  second,  and  it  seemed  to 
disappear  by  retreating  into  tbe  blaclc  edge  of  the  shutter.  An 
attempt  has  been  made  to  illustrate  it  in  figure  9,  where  the  shaded 
band  indicates  the  blue  border. 

We  have  then  to  aucotint.,  if  possible,  for  the  two  facts  that  in  the 
formation  of  these  transient  borders  the  red  sensation  occurs  in  a 
portion  of  the  retina  which  has  not  been  exposed  to  the  direct  action  of 
light,  while  the  blue  occurs  in  a  portion  which  is  exposed  to  unchanged 
illumination.  Accepting  the  Yonng-Helmholtz  theory  of  color  vision, 
the  effects  must,  I  tbiuk,  be  attributed  to  a  sympathetic  affection  of 
the  red  nerve  fibers.  When  the  various  nerve  fibers  occupying  a  lim- 
ited ])ortioD  of  the  retina  are  suddenly  stimulated  by  white  or  yellow 
light  of  moderate  intensity,  the  immediately  surrounding  red  nerve 
fibers  are  for  a  short  period  excited  sympathetically,  while  the  violet 
and  green  fibers  are  not  so  excited,  or  in  a  much  less  degree.  And 
again,  when  light  is  saddenly  cut  off  trom  a  patch  in  a  bright'  field, 
there  occurs  an  insensitive  reaction  in  tbe  red  fibers  just  outside  tbe 
darkened  patub,  in  virtue  of  which  they  cease  for  amomeut  to  respond 
to  the  luminous  Btimulons;  the  green  and  violet  fibers,  by  continuing 
to  resjwnd  uninterruptedly,  give  rise  to  the  sensation  of  a  blue  border. 

Whether  or  not  tbe  hypothesis  which  I  have  suggested  is  correct  in 
all  its  details,  it  is,  I  think,  sofficieotly  obvions  that  the  red  and  blue 
colors  of  Benham's  top  are  due  to  exactly  the  same  causes  as  the  colors 
observed  in  my  own  experiments,  for  the  essential  conditions  are  the 
same  in  both  cases. 

I  have  mentioned  only  a  few  among  many  curious  phenomena  which 
have  presented  themselves  in  the  course  of  my  investigation.  It  is  not 
improbable  that  a  careful  study  of  the  subjective  effects  produced  by 
intermittent  illumination  would  lead  to  results  tending  to 'dear  Dp 
many  doubtfol  {wints  in  the  theory  of  color  vision. 
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By  G.    U,    NiEWBMOLOWSKI. 


Color  photography  is  the  order  of  the  day.  Within  the  last  year 
there  have  beeu  numerous  exhibitions  of  color  photographs,  one  of  the 
most  notable  of  whivli  is  that  recently  established  on  the  boulevard  des 
Italiens  by  the  brotbers  Lniuiere  of  Lyons.  The  time  is  therefore 
ap]>ropriate  to  give  a  brief  review  and  comparison  of  the  various  proc 
esses  of  photographic  reprmluctiou  in  colors  which  have  thus  far  beeu 
proposed. 

Methods  of  color  photography  may  be  either  direct  or  indirect.  The 
first  class  contains  those  wbi<;h  give  at  a  single  direct  operation  a  proof 
in  colors. 

Many  of  the  direct  processes  are  variations  of  the  method  called  the 
<]f  stmctiou  of  colors,  originated  by  Charles  Cros,  and  described  by  him 
as  follows  in  the  Monitenr  de  la  Photographic  (1881,  p.  67)  nnder  the 
title  of  direct  polychrouiy: 

"The  fundamental  esperiment  upon  which  |>olychromy  is  fonnded  is 
this: 

"  A  glass  plate  is  ooat«d  first  with  collodion  dyed  red  with  cartha- 
mine.  To  this  is  added  a  second  coat  of  gelatine  dyed  blue  with 
phyllocyaniue,  and  finally  a  coat  of  collodion  dyed  yellow  with  tumeric. 

"Upon  snbjectinj;  this  plate  to  an  image  formed  in  green,  yellow, 
and  orange  light  the  following  occurs: 

"The  gre^n  light  produces  no  appreciable  eflect  upon  the  yellow  and 
bine  coatings,  but  is  absorbed  in  the  red  coating  and  decolorizes  the 
carthamine.  Thus  there  remains  only  yellow  and  blue  at  this  point  in 
the  coatings  of  the  glass  plate,  and  these  two  rolors  superposed  pro- 
duce green.     Hence  the  green  light  leaves  a  green  trace. 

"Similarly,  violet  light  destroys  the  yellow,  aud  leaving  bine  and  red 
superposed  given  a  violet  trace,  while  the  orange  light,  destroying  the 
blue,  leaves  only  yellow  and  red,  which  superposed  give  orange. 

"  Finally  whit«  li^ht  destroys  all  these  pigments  and  leaves  only  the 
colorless  plate,  while  iu  the  absence  of  light  none  of  the  pigments  are 
affected  and  there  remains  the  neutral  tint  formed  by  the  superposition 
of  all  three. 

"Thus  the  resulting  effect  is  a  direct-  positive  transparency  repro- 
dnciug  the  origimil  colors,  Bnt  this  positive  is  not  durable,  for  nnder 
the  action  of  light  it  disappears." 
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In  Jane,  1 895,  Otto  Wiener  published  in  the  Annal'tQ  der  Chemie  and 
Physik  a  memoir  entitled  "Oolor  photography  and  mechanical  color 
adaptatioa  in  natare,"  which  has  been  discussed  by  Bernard  Brnnhes 
in  the  Revue  Gdn^rale  des  Sciences,  1895.  In  this  memoir  Wiener 
shows  that  the  reproduction  of  the  spectrum  as  obtained  by  Seebeck. 
and  Poitevin's  process  of  color  photography  upon  paper  coated  with 
the  snbchloride  of  silver,  were  both  based  upon  the  same  principle  iis 
the  direct  polychromy  of  Charles  Cros,  though  Wiener  does  not  cite 
Cros  and  seems  to  have  overlooked  hia  work.  Wiener  gives  the  name 
of  color-sensitive  films  to  coatings  capable  of  taking  on  the  color  of  the 
light  incident  npon  them. 

In  the  process  of  Poitevin  the  color-sensitive  substance,  according  to 
Wiener,  is  a  mixture  of  the  chloride  and  subchloride  of  silver,  capable 
of  apiiearing  in  various  colors,  and  given  by  Carey  Lea  the  name  of 
"color  salt." 

By  the  aid  of  researches  described  in  the  memoirs  of  Wiener,  he  con- 
clndes  that  the  ideal  color-sensitive  substance  would  be  a  black  absorb- 
ent mixture  containing  at  least  three  diA'erent-coIored  substances,  each 
of  which  should  absorb  all  the  colors  of  the  spectrum  except  one  and 
be  destroyed  by  the  colors  which  it  absorbed.  A  single-colored  light, 
falling  npon  such  a  substance  would  leave  intact  only  the  color  the 
same  as  its  own.  We  have  already  seen,  in  quoting  from  Charles  Cros, 
what  would  be  the  effect  of  a  light  of  mixed  colors  on  such  a  substance. 

This  kind  of  color  adaptation  by  means  of  a  color-sensitive  sobstance 
is  not  infrequently  met  with  among  animals.  Certain  species  take  on 
the  color  of  their  surroundings.  Thus  Danais  chrysippus,  green  in 
natore,  becomes  white,  red,  orange,  or  black  when  brought  up  in  boxes 
constructed  of  white,  red,  orange,  or  black  paper. 

Immediately  after  the  publication  of  the  interesting  research  of 
Wiener,  Emile  Vallot  devoted  himself  to  the  task  of  obcaining  a  good 
color-sensitive  coating.  He  recommends  a  mixture  iu  equal  parts  of 
the  following  three  solutions: 

Cablo  c«Dtjine)dn, 

Alcohol 50 

AdIIIdo  purple , 0.20 

Alcohol SO 

Tumeric 0.20 

Alcohol 50 

Victoria  bine 0.30 

Paper  floated  for  several  niinntes  upon  this  bath  and  dried  in  dark- 
ness is  dyed  black.  If  placed  in  a  colored  image  cast  by  full  sunlight, 
it  gives  a  goo<1  photographic  reproduction  in  the  proper  colors.  Uofor- 
tnnately  two  or  three  days'  exposure  are  necessary,  and  the  yellow  is 
not  altogether  satisfactory.  For  the  red,  the  aniline  purple  may  be 
replaced  advantageously  with  safranine. 

A.  and  L.  Lumiere  have  obtained  a  more  sensitive  paper  by  emplojing 
cyaniue  for  the  blue  and  qninoleine  for  the  red. 
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Two  principal  difflcalties  are  eDcounterad  in  this  process.  The  first 
consists  ia  tlie  discovery  of  colored  aabstances  which  not  only  have 
the  proper  colors  (correspoodiug  respectively  to  the  three  fiindameutal 
ODlor»),  bat  which  have  besides  the  same  laws  of  sensitiveness.  A 
second  difficulty,  as  yet  unsarmonnted,  is  foand  in  fixing  the  colors 
when  obtained.  The  Lumi^res  have,  however,  made  some  progress  in 
flxiiig,  by  means  of  metallic  salts  which  form  iuaolnble  compounds 
with  the  colors  employed.  Nevertheless  it  is  very  hard  to  avoid  modi- 
fying the  tiot  ill  this  way.  Gommaudant  Colson  has  made  tentative 
experiments  in  fixing  color  photographs  Duule  by  Poiterin's  process, 
and  utilizes  a  property  of  dry  ink  to  desensitize  the  color-sensitive 
aabstances. 

To  aam  np  the  matter,  it  may  he  said  that  these  processm  appear 
unlikely  to  give  more  than  a  partial  eolation  of  the  problem. 

Color  photographs  were  obtained  in  1848  by  Edmond  Beoqnerel  by 
another  species  of  the  direct  process,  and  his  researches  have  been 
repeated  and  completed  by  Niepce  of  St.  Victor.  As  a  sensitive  sorface 
Becqaerel  employed  a  silver  plate  saperflcially  chloriuized,  either  by 
means  of  electrolysis  or  by  some  strictly  chemical  process.  Becqnerel's 
colored  images  could  not  be  fixed,  and  the  theory  of  their  formation 
was,  in  his  time,  little  understood. 

To  Prof.  Gabriel  Lippmann  belongs  the  honor  of  showing  in  1891 
the  true  theory  of  the  phenomenon,  and  of  finding  oat  why  the  colors 
could  not  be  fixed,  and  finally  of  giving  an  ingenions  solution  of  the 
problem  of  jthotography  in  colors,  which  has  conie  to  world-wide  fome. 
Since  it  is  l>ased  ou  the  principle  of  interference,  this  discovery  forms 
a  beautiful  confirmation  of  the  andalatory  tbeory  of  light.  It  will  be 
recalled  that  in  Lippman's  as  in  Becqaerel's  process  the  image  is  formed 
by  a  series  of  layers  of  silver  separated  by  distances  varying  with  the 
colors.  If  hyiiosnlpbite  of  soda  be  used  to  fix  colored  images  of  the 
Becqnerel  type,  it  dissolves  the  intervening  chloride  of  silver  which 
snpijorts  this  system  of  layers,  so  that  the  whole  structure  crumbles  and 
the  colors  are  destroyed. 

In  Lippmann's  process  this  difficnlty  Is  avoided,  because  the  sensitive 
salt  is  imprisoned  in  a  transparent  mass  of  albumin,  gelatin,  or  collodion, 
upon  which  tlie  hyposulphite  has  no  action.  Ouly  the  bromide  of  silver 
not  modified  by  the  light  is  dissolved,  and  the  substratum  forms  a  solid 
foundation  which  maintains  invariable  the  distance  separating  the 
layers  of  silver  fW>m  one  anotlier. 

In  reality,  as  Wiener  has  shown  in  the  memoir  already  cited,  though 
these  interference  colors  predominate  iu  the  Becqaerel  images,  yet 
there  are  also  present  body  colors,  due,  as  in  the  direct  processes 
already  meDtioned,  to  the  modification  of  color-sensitive  substances. 

Since  the  communication  by  Lippmann  to  the  Academic  des  Sciences 
in  February,  1891,  many  photographers  have  attempted  to  repeat  bis 
experiments.    But,  despite  numerous  researches  undertaken  to  explain 
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tbe  want  of  snccASs,  it  appears  that  there  are  only  two  or  tliree  dozen 
good  interference  color  iihotographs  in  esistence.  The  delicacy  of  the 
lamellar  stracture  is  so  great  tbat  a  very  slight  variation  iu  tbe  condi- 
tions of  the  experiment  sufSces  to  spoil  its  resnll.  Thus  even  the 
brothers  Lumi^re,  who  are  certainly  the  most  conscientious  stadeot-s, 
from  a  practica!  standpoint,  of  interferential  color  photography,  have 
not  been  able  to  obtain  identical  results  even  "when  working  with 
weights  of  substance  as  nearly  equal  as  could  be  determined  with  the 
very  best  balances,  when  the  successive  operations  were  separated  by 
the  same  intervals  of  time,  and  when  the  experiments  were  carried  on 
nnder  conditions  as  nearly  identical  as  possible  as  regards  tbe  temper- 
ature, tbe  degree  of  moisture  of  tbe  air,  etc." ' 

Lippmann's  method — although  tbe  one  giving  the  most  beautiful, 
complete  and  accurate  results — bas  still  another  inconvenience.  It  is 
impossible  to  multiply  copies,  so  that  it  is  necessary  to  make  as  many 
exposures  iu  tbe  camera  as  there  are  pictures  desired,  just  as  in  the 
old  daguerreotype.  But  perhaps  this  is  not  wholly  an  objectionable 
feature  of  this  process  of  Lippmann's. 

For  our  part  we  incline  to  this  view  of  the  matter,  and  qnite  agree 
with  Louis  Ducos  du  Haurou.' 

"  If  multiplicity  has  its  merits,"  be  remarks, "  so  also  does  rarity.  If 
the  happy  possessor  of  a  painting  signed  by  a  great  artist  were  asked 
if  he  would  be  willing  to  have  numerous  copies  of  his  picture  sent 
abroad  throughout  tbe  world,  his  response  might  be  expected  in 
advance  to  be  vigorous  in  the  negative.  To  be  sure  tbe  Almighty 
made  the  rose,  called  the  (jneen  of  flowers,  abundant,  but  he  has  at  the 
same  time  set  the  diamond  in  an  enchanting  solitude." 

Indirect  processes  of  color  photography,  properly  so  called,  are 
derived  from  the  method  indicated  in  1809  by  Charles  (3ros  and  Louis 
Ducos  du  Uaurou,  who  independently  conceived  tbe  same  idea.  Many 
processes  noist'd  abroati  from  time  to  time  are  only  variations  of  that 
invented  by  these  our  two  compatriots,  whose  works  seem  now  to  be 
ignored,  voluntarily  or  otherwise,  by  many.^ 

Indirect  photography  in  colors  is  based  upon  the  fat^t  that  the  mix- 
ture in  variable  proportions  of  three  colors  suitably  chosen,  and  called 
fundamental  colors  (red,  yellow,  and  bine],  enables  the  reproduction  of 
all  the  shades  met  with  in  nature. 

The  principle  of  the  method  is  thus  defined  by  Ducos  du  Hanron : 

!  decompose  into  three  distinct  images— ooe  red,  one  yellow,  nnd 
— tbe  combination  images  presented  by  nature,  and  if  each  one 

L.  Lumitre.  Photography  in  Colors,  its  Metboda  and  ita  Retnlts.  Com- 
D  to  tbe  FreDch  Society  of  Photography,  Jatmary  3,  1896. 
da  HaoTOD,  La  Triplioo  Photogrnphique  ilea  CouloiirH  et  rimprimerie. 
lecially  recommend  to  the  atteution  of  those  of  our  readers  who  desire  to 
variooN  rfB6ftrc;hes  cif  Louis  Ducos  du  Hauron  tlie  work  of  bis  brother 
icos  Ai\  Hauron ;  La  Triplice  Photograpliie  des  Coulenis  do  rimprimeriA, 
1>7  Oantbier-Vlllars. 
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of  these  three  pictores  is  redaced  to  a  separate  photogrraph  and  repro- 
duced in  the  special  color,  it  only  reqnires  to  blend  again  into  one  the 
three  colored  reproduction  b  tbas  made  in  order  to  obtain  an  exact  repre- 
sentation of  the  original  as  regards  both  color  aud  form." 

When  the  three  cliches  representing  in  analysis  the  colore  of  the 
original  have  been  obtained,  their  synthesis  can  be  effected  by  one  of 
two  different  methods. 

1 .  By  addition  of  tights. — Ordinary  positives  of  the  three  cliches  are 
[trodaced  and  illamiiiated,  respectively,  with  blue,  yellow,  and  red  light, 
each  ]K>8itive  being  illnminated  by  the  same  light  which  passed  the 
screen  in  producing  the  corresponding  negative.  When  these  three 
separately  illuminated  positives  are  superposed,  either  by  means  of 
a  projection  lantern  (thus  forming  a  real  image)  or  bymeansof  chromo- 
scopes  (virtual  images),  there  is  obtained  a  very  faithful  reproduction 
of  the  colors  of  the  original.  Prof.  G.  Lippmaiin  has  proposed  a  very 
ingenious  device  to  make  both  the  analysis  and  synthesis  of  the  colors 
with  the  same  apparatus.  He  employs  the  principle  of  reversibility  of 
path  of  the  rays  traversing  a  lens.  Three  small  objective  lenses  are 
mounted  on  »  snpport  in  a  Gocaersk  and  provided  with  three  colored 
screens.  In  the  foci  of  the  lenses  are  placed  plates  sensitive  to  the 
colors  transmitted,  res]>eotively,  by  the  corresponding  screens.  From 
the  three  negatives  thus  obtained  are  reproduced  positives  on  glass, 
which  are  placed  in  the  positions  first  occupied  by  the  negatives,  and 
illuminated  by  the  beam  of  a  projection  lantern.  In  this  manner  a 
colored  image  of  the  original  is  pi-ojected  npon  a  white  screen.  This 
image  can  be  magnified  or  diminished  at  pleasure  by  placing  a  fourth 
lens  of  suitable  curvature  in  the  path  of  the  beam. 

2.  By  absorption  of  light. — Procedures  for  synthesis  of  this  kind  are 
very  nameroiiH.  Tbey  admit  of  multiplication  of  copies.  The  carbon 
process  was  employed  first  by  Louis  Duces  du  Hanron.  Charles  Cros 
communicated  in  1881  to  M.  Oarpentier,  of  the  Academic  des  Sciences, 
a  process  of  reproduction  analogous  to  hydrotypy,  based  npon  the 
employment  of  coatings  of  albumiuated  collodion  containing  fh>m  2 
to  3  per  cent  of  bromide  of  cadmium  sensitized  with  ammonium  bichro- 
mate. This  process  is  analogous  to  that  employed  by  the  brothers 
Lumi^re  in  producing  their  beautiful  color  photographs.  A  skillful 
photographer,  George  Kicbard,  has  also  proposed  a  very  ingenious 
method.  Positives  from  the  three  clichi^s  aire  first  produced  on  glass. 
Then  by  means  of  a  series  of  chemical  reactions  the  reduced  silver  which 
forms  the  image  is  transformed  either  into  a  mordant  capable  of  fixing 
the  aualine  colors  or  into  a  salt  capable  of  reacting  upon  anaUne  to 
produce  colors  npon  the  plate.  The  three  positives  are  then  snper- 
posed  to  give  color  photographs. 

These  polychrome  proofs  have  to  be  viewed  as  transparencies.  It  is, 
to  be  sure,  possible  to  transfer  the  films  to  paper,  and  thus  to  have 
photographs  upon  paper,  bnt  the  results  thus  obtained  are  far  less 
satisfactory.  ~  ■ 
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Ooe  of  the  greateat  advaDtages  of  the  indirect  metfaods  is  that  they 
permit  of  reproductions  by  photomechanical  processes,  and  thns  leud 
themselves  to  illostrative  purposes.  The  colors  maybe  either  super- 
posed or  JDxtaposed.  Superposition,  however,  requires  at  least  two 
transparent  colored  inks.  Hence,  the  mixture  of  colors  is  generally 
produced  by  juxtaposition  of  pigments.  Tliis  is  doue  sometimes  in 
pbotocollography  by  producing  grained  images;  hut  more  freqnently  by 
phototypogravure,  which  has  the  great  advantage  of  being  suited  to  the 
production  of  numerous  copies. 

The  three-color  process  of  mechanical  polychrome  illustration  was 
tV>r  a  long  time  made  use  of  in  England  and  America.  Of  late,  however, 
a  nnmbw  of  French  firms  have  had  excellent  success  in  the  form  of 
illnstration. 

A  great  objection  to  indirect  color  photography  is  that  it  requires 
three  negatives,  which  consume  time  for  their  prodnction.  The  red, 
especially,  requires  a  very  long  exposure.  Nevertheless,  this  process 
is  much  employed  for  landscapes,  and  not  long  since  M.  Montpillard 
presented  to  the  French  Photographic  Society  a  very  excellent  colored 
typophotograph  representing  a  landscape  photographed  by  him  fVom 
nature  and  engraved  by  M.  Prieur. 

There  has  been  mnch  'effort  to  simplify  the  process.  One  of  the 
first  methods  proposed  was  to  use  a  camera  provided  with  mirrors,  so 
that  the  three  exposures  could  go  ott  simultaneously.  But  the  images 
thus  obtained  are  by  no  means  equal  to  those  produced  when  the 
apparatus  is  used  in  the  ordinary  way  with  three  separate  exposures. 
It  has  been  proiK>sed  to  use  three  separate  lenses,  but  this,  of  course, 
accentuates  the  same  defect.  It  is  very  difficult  to  have  three  objec- 
tives which  will  give  three  images  precisely  identical. 

Another  device,  proposed  by  John  Joly,  of  Dublin,  about  three 
years  ago,  but  really  a  re-edition  of  a  procedure  published  in  18R9  by 
Louis  DucoB  du  Hauron,  consists  in  obtaining  the  three  negatives  upon 
a  single  sensitive  surface.  A  glass  plate  is  ruled  with  fine  parallel 
lines  colored  in  rotation  with  the  three  fundamental  colors  in  trans- 
parent pigments.  This  prepared  plate  is  superposed  on  the  sensitive 
surface,  and  thus  is  produced  in  close  juxtaposition  a  combination  of 
the  three  negatives  corresponding  to  the  three  primary  colors.  A 
positive  transparency  of  this  negative  is  projected  upon  a  screen 
through  a  color  grating  exactly  like  that  first  used,  and  the  colors  of 
the  original  are  thereby  closely  reproduced.  Louis  Duces  du  Haurou 
applied  this  same  process  to  photomechanical  reproduction  by  print- 
ing a  black  image  upon  a  paper  ruled  like  the  screen  in  red,  blue,  and 
yellow. 

The  colors  of  the  original  are  fairly  rendered  in  this  way.  However, 
it  is  easy  to  see  that  if  the  original  presented  a  considerable  blue 
space  this  would  be  represented  in  the  picture  by  a  space  one-third 
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blue  and  two-tbirds  black.  Besides  this,  the  objects  appear  cat  up 
iato  a  aort  of  grating,  and  the  effect  is  rather  disagreeable. 

Of  all  tbe  processes  of  color  pboto^apby  tbat  bave  thus  far  been 
proposed  only  the  elegant  iDterferential  method  of  Lippinaan  repro- 
(laces  the  colors  of  the  origiDal  with  absolute  fidelity.  The  indirect 
method  by  three  negatives  in  colors,  proposed  by  Charles  Oros  and 
I>ucos  da  Hauron,  seems  to  give  only  an  approximate  eolation  of  the 
problem.  But  the  approximation  may  be  practically  safilcient,  as  is 
shown  by  the  fine  transparencies  of  the  Lami^re  brothers.  This 
method  has,  moreover,  tbe  advantage  that  it  lends  itself  to  iudnstrial 
reproductions,  as  may  be  seen  in  the  illnstrations  of  M.  Frieur. 

It  seems,  then,  tbat  from  the  practical  and  iudostrial  point  of  view 
a  brilliant  future  is  reserved  for  the  ingenias  three-color  method  first 
clearly  indicated  by  the  Frenchmen,  Charles  Oros  and  Louis  Ducos  da 
Haoron. 
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THK  DEVELOPMENT  OF  ELEOTKIOAL  SCIENCE.' 


By  Thomas  Geat. 


In  a  brief  discoarse  on  the  development  of  electrical  science  little 
time  can  be  given  to  tlie  eariy  history  of  tbe  subject  This  part  is 
more  or  leas  familiar  to  all  tbe  members  of  tbe  academy,  and  hence  it 
may  be  passed  over  by  only  such  brief  reference  as  may  serve  to  recall 
to  mind  the  more  im)>ortantof  tbe  early  discoveries.  The  early  6reekf 
have  retarded  some  eletoeutary  phenomena  now  known  to  be  electric, 
and  it  is  probable  that  such  knowledge  was  not  uncommon,  though 
little  noticed.  It  is  only  in  comparutively  recent  times  that  scientific 
research  has  taken  tbe  place  of  superstition  and  attempts  have  been 
made  to  classify  and  find  reasons  for  the  existence  of  all  natural  phe- 
nomena. 

Beginning  with  the  seventeenth  centnry,  probably  the  flrst  investi- 
gator worthy  of  notice  in  this  subject  was  Gilbert,  of  Colchester,  who 
published  his  work  entitled  De  Magneto  in  1600.  Gilbert  made  sys- 
tematic experiments  and  showed  that  the  property  of  attracting  light 
iMxIies  could  be  given  to  a  large  number  of  substances  by  friction.  He 
also  showed  that  the  succcj^s  of  tbe  experiment  depended  largely  upon 
tbe  dryness  of  tbe  body.  Theae  experiments  gave  rise  to  the  clnssifl- 
catioii  of  substances  as  electrics  and  uonelectrica.  The  true  signifi- 
cance of  Gilbert's  observations  as  to  the  effect  of  moisture  was  not 
appreciated  for  a  long  time.  Gilbert's  list  of  electrics  was  added  to  by 
a  Dnmber  of  other  observers,  prominent  among  whom  were  Boyle  and 
Newton.  The  fact  that  light  and  aonud  accompany  electric  excitation 
was  called  attention  to  by  Otto  von  Gnericke,  who  also  showed  that  a 
light  body  after  being  brought  into  contact  with  an  electrifled  body  was 
repelled  by  it. 
Coming  now  to  the  eighteenth  centnry,  we  find  Hawkesbee  in  1707 
■  and  Wall  in  1708  speculating  on  the  similarity  of  the  electric  spark 
and  lightning.  Then  comes  one  of  tbe  most  prominent  experimenters 
of  this  century — Stephen  Gray — who  began  to  publish  in  ITIiO,  and 
who  in  172D  found  that  certain  substances  would  not  convey  the  charge 

'Addri;B8  of  the  presideut  ilelivereil  before  the  anniial  meeting  of  the  Indiana 
Academy  of  Sciences  on  December  29,  1897.     Printed  in  Soieuce  March  18  and  25, 
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of  an  electrified  body  to  a  distauce.  These  experiments  were  the  first 
to  iDtroduce  the  distinction  between  conductors  and  non  condactora, 
and,  of  coarse,  very  aoou  served  to  explain  the  reason  why  certain 
eabBtauoes  conld  not  be  electrified  by  friction  wbeu  held  in  the  hand. 
Gray  also  made  tliu  important  discovery  that  the  chare*^  of  an  electri- 
fied body  is  proportional  to  its  surface,  and  this  was  afterwards  ooo- 
flnued  by  the  experiments  of  Le  Monnier.  Many  of  Gray's  experi- 
ments were  repeated  and  extended  by  Dn  Fay,  who  fonnd  that  all 
bodies  conld  be  electrified  by  friction  if  they  were  held  by  an  insulating 
sabstance.  Then  came  the  improvements  of  the  electric  machine  by 
Boze  and  Wiuckler;  the  firing  of  infiammatory  substances,  sach  as 
alcohol,  by  means  of  the  electric  spark  by  Lndolpb,  Gordon,  Miles, 
Franklin,  and  others.  About  this  time  (1745)  the  properties  of  the 
Leyden  jar  were  discovered  by  Kleist,  Gunens,  and  Muschenbroeck, 
and  a  few  years  later  it  was  given  practically  its  present  form  by  Sir 
William  Watson.  Then  follows  one  of  the  periods  of  exceptional  activity 
in  electrical  research.  A  party  of  the  Royal  Society,  with  Watson  as 
chief  operator,  made  a  series  of  experiments  having  for  their  object 
the  determination  of  the  distance  to  which  electrical  excitation  eould 
be  conveyed  and  the  time  it  takes  in  transit.  They  fonnd,  among  other 
things,  that  several  persons  at  a  distance  apart  might  feel  the  electric 
shook  if  they  formed  part  of  a  circuit  between  the  electrified  body  and 
a  conductor,  such  as  the  earth;  also,  that  the  earth  could  be  used  to 
complete  the  circuit  in  Ijcydeu  jar  discharges.  They  concluded  that 
when  two  observers  connected  by  a  conductor,  and  at,  say,  2  miles 
apart,  obtained  a  sliock  by  one  toacbing  the  inside  coating  of  a  Leyden 
jar  and  the  other  the  earth,  the  electric  circuit  was  4  milei)  long;  that 
is,  the  earth  acted  as  a  return  conductor.  They  also  concluded  that 
the  transmission  was  practically  instantaneous.  Watson  had  ideas  aa 
to  electric  fiuids  simitar  to  those  which  were  afterwards  systematically 
worked  out  by  Franklin.  A  great  many  curious  and  interesting 
experiments  were  made  about  this  time,  as,  for  example,  the  influence 
of  electrification  on  the  flow  of  water  through  capillary  tabes  as  dis- 
covered by  Boyle,  the  experiments  of  Mowbray  on  the  effect  of  electri- 
fication oil  vegetation,  and  those  of  thj  Abbe  Menon  on  the  loss  of 
weight  of  animals  when  they  were  kept  electrified  for  a  considerable 
time.  k 

The  effect  of  electrification  on  the  flow  of  water  has  received  consid- 
erable attention  from  eminent  aathorities  in  recent  years,  and  the  eSect 
of  electrification  on  the  growth  and  composition  of  vegetables  is  at 
present  attracting  attention  in  the  form  of  systematic  investigation. 

The  contributions  of  Franklin  are  by  far  the  most  important  whicb 
mark  the  middle  portion  of  the  eighteenth  century,  Franklin's  experi- 
ments were  begun  about  the  middle  of  the  year  1747,  and  seem  to  have 
been  inspired  by  the  receipt  of  a  Leyden  jar  from  a  friend,  William 
Colliuson,of  London.    He  propounded  the  theory  of  positive  and  nega- 
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tive  fluids,  which  has  lately,  in  a  modified  form,  been  bronght  so 
promi&ently  into  notice  again  by  tbe  writiDga  of  Lodge,  and  he  made 
an  investigation  of  the  principle  of  tbe  Leyden  jar;  bat  tbe  most 
important  of  bis  researches  relate  to  tbe  identification  of  electricity 
and  lightning.  Tbe  probable  identity  of  the  two  phenomena  bad  been 
hinted  at,  as  we  have  seen,  by  several  observers,  bnt  Franklin  went 
systematically  to  worktot«sttbe hypothesis.  TTnderdateof  November 
7, 1749,  the  following  passage  is  fonnd  in  his  notebook:  "Electric  flnid 
agrees  with  lightning  in  these  particniars:  (1)  Giving  light;  (2)  color 
of  the  light;  (3)  crooked  direction;  (4)  swift  motion;  (6)  being  conducted 
by  metals;  (6)  crack  or  noise  in  exploding;  (7)  anbsisting  in  water  or 
ice;  (8)  rendingbodiesiu  passingtbroQgh;  (9)  destroying  animals;  (10) 
melting  metals;  (11)  Uriog  inflammable  substances;  (13)  sulphnroas 
smell.  Tbe  electric  tlnid  is  attracted  by  points;  we  do  not  know 
whether  this  property  is  in  lightning.  Bnt  since  they  agree  in  all  the 
particulars  wherein  we  can  already  compare  them,  is  it  not  probable 
that  they  agree  likewise  in  tbisl  I^et  the  experiment  be  made."  The 
hypothesis  was  elaborated  and  sent  to  his  friend  Oollinson,  who  com- 
municated it  to  the  Boyal  Society.  This  society  rather  ridiculed 
Franklin's  ideas  at  first,  but  bis  paper  was  pablisbed  in  London  and 
also  ill  France,  and  attracted  considerable  attention. 

The  experiment  was  first  made  in  France  by  M.  d'Alibard,  at  Marll, 
on  May  10,  1762,  and  it  was  repeated  shortly  afterwards  by  M.  de  IjOF 
iu  Paris,  The  results  of  what  were  called  thePbiladelphiaexperiments 
were  communicated  to  the  Koyal  Society  and  cansed  qaite  a  stir  In 
scientific  circles.  It  is  right  to  say  with  regard  to  the  Boyal  Society 
that  Franklin's  claims  to  scientific  recognition  were  championed  by  Sir 
William  Watson  and  were  fully  indorsed  by  the  society  by  his  election 
to  a  fellowship  and  the  award  of  the  Copley  medal,  together  with  tbe 
free  donation  of  the  society's  'IVansactioDB  during  his  lifcw 

Franklin's  own  experiments  with  kites  are  well  known,  as  is  also  the 
method  of  protecting  buildings  from  lightning  which  was  introdaced 
by  him,  and  is  still  very  widely  used,  altbongb  it  has  been  greatly 
abust'd  by  the  lightning-rod  man. 

During  the  next  decade  Oanton  discovered  the  now  commonly  known 
difference  between  vitreous  and  reeinons  electricity.  Beccaria  experi- 
mented on  the  condacting  power  of  water.  Symmer  made  a  namberof 
interesting  experimente  on  the  electrification  of  difTerent  kinds  of 
fabrics  by  friction  and  propounded  a  theory  of  two  electric  fluids. 
Ooutemporaneons  with  these  were  a  number  of  other  experimenters 
who  added  to  the  stock  of  knowledge  of  this  class  of  phenomena. 

The  experiments  of  ^pinus  and  others  on  the  pyroelectric  proper- 
ties of  toormaline  now  began  to  attract  attention.  The  experiments 
of  the  Abb^  Haiiy  are  perhaps  the  most  Important  in  this  connection 
at  this  stage  of  the  subject.  He  foond  the  polar  properties  of  the 
crystal  and  showed  that  similar  properties  were  possessed  by  a  oumber 
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of  otber  crystals.  iBpinos  made  ezperitneDts  in  other  branches  of 
electricity,  but  he  ie  chiefly  noted  for  bie  ingenioas  single-flaid  theory 
of  electricity. 

Between  the  years  1770  and  1780  the  electrical  organs  of  the  torpedo 
were  one  of  the  principal  topics  of  diacassion.  The  experimentB  of 
Walsh  and  Ingenhoasz  were  ^e  first  to  deSoitely  settle  the  character 
of  the  peoaliar  power  of  the  fish. 

The  experimcDts  of  Cavendish  belong  to  this  period  and  were  remark- 
able as  being  quantitative  in  their  character.  Consideriog  the  me^s 
at  hia  command,  the  measnremeiits  made  by  this  experimenter  of  the 
relative  coodactiog  powers  of  varioas  sabstauces  mnst  alwaya  excite 
admiration.  Uavendish  also  proved  the  composition  of  water  by  ctuts- 
iiig  different  proportions  of  oxygen  and  hydrogen  to  unite  by  means  (rf 
the  electric  spark. 

We  now  come  to  the  classical  experiments  of  Coulomb,  who  estab- 
lished the  law  of  the  variation  of  the  electric  force  with  distance  to  be 
that  of  the  inverse  sqaare,  a  law  which  bad  previously  been  inferred 
from  experiments  on  spheres  by  Dr.  Robinson,  who,  however,  did  not 
publish  bis  results.  Coulomb  made  an  elaborate  series  of  experimeats 
on  the  distribution  of  electricity  over  charged  conductors  as  influenoed 
by  shape  and  the  proximity  of  otber  charged  bodies.  His  theoretical 
and  experimental  work  formed  the  basis  of  the  mathematioal  theory  as 
developed  shortly  afterwards  by  Laplace,  Biot,  and  Poisson,  the  work 
of  the  latter  being  particularly  important. 

Toward  the  end  of  the  eighteeuth  century  were  made  the  important 
researches  of  Laplace,  Lavoisier,  and  Yolta,  and  of  Sausure  on  the 
electricity  produced  by  evaporation  and  coinbustiou.  This  is  a  subject 
destined  to  figure  prominently  agaiu  in  the  future,  and  iu  its  rise  there 
is  iu  all  probability  involved  the  rapid  decline  in  the  importauce  of  the 
steam  engine.  I  should  not  be  surprised  if  many  of  those  present 
should  live  to  see  the  steam  engine  practically  a  thiug  of  the  past. 

To  the  eighteenth  century,  also,  we  must  assign  the  diacovery  of 
galv-inic  electricity,  as  the  famona  frog  experiments  were  made  in 
1790.  Practically  no  development  was  miule,  however,  until  Yalta's 
work  attracted  the  attention  of  the  scientific  world. 

At  the  beginning  of  the  nineteenth  ceutury,  then,  we  find  the 
subjects  of  greatest  interest  were  the  discoveries  of  Yolta  aud  the 
invention  of  the  voltaic  pile.  There  followed  almost  immediately  the 
discovery  by  Nicholson  and  Carlisle  of  the  decomposition  of  water  by 
the  voltaic  current.  This  discovery  was  followed  a  few  years  later  by 
those  of  Sir  Humphry  Davy  ou  the  decomposition  of  the  alkalies  and 
the  separation  of  metallic  sodium  and  [lotasaiam.  Thus  the  subject  of 
electrolysis  was  t^irlv  lanni^ed,  and  what  it  has  grown  tu  be  we  wUI 
see  later. 

Can  there  be  some  interrelation  between  electricity  and  magnetisml 
was  now  the  query.     The  first  lusitive  answer   seetnn  to  have  been 
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given  by  Boma^esi  in  a  work  published  in  1805,  bat  little  or  no  notice 
appears  to  have  beeu  taken  of  tbia.  Certainly  no  progress  was  made 
in  the  subject  till  1820,  when  Oersted  made  his  famons  experiment 
before  his  class.  By  that  experiment  he  proved  that  a  wire  carrying 
»n  electric  current  will,  when  properly  placed,  deflect  a  raagnetdc 
needle.  The  subject  was  almost  immediately  taken  np  by  Ampere,  and 
in  a  few  months  many  of  the  important  conseqaences  which  Oersted's 
discovery  involved  were  developed.  Ampere's  work  on  the  action  of 
currents  on  currents  and  on  magnets  is  classical  and  is  still  treated  as 
part  of  the  flindamental  basis  for  the  theory  of  electrodynamics.  An 
accoant  of  his  work  may  therefore  be  found  in  almost  any  of  the  nn- 
merons  text-books  on  electricity.  The  conclusions  reached  by  Ampere 
were  confirmed  by  Weber  by  a  series  of  much  more  refined  experiments. 
To  Weber  also  we  owe  improvements  in  galvanometers.  The  same 
year  marks  the  discovery  by  Arago  that  a  onrrent  can  not  only  deflect 
a  magnet,  bnt  that  it  is  capable  of  producing  one  by  magnetizing  steel 
needles. 

The  further  discovery  was  made  four  years  later  by  Sturgeon  that 
Boft  iron,  although  incapable  of  making  a  strong  permanent  magnet,  is 
yet  much  more  susceptible  than  steel  to  temporary  magnetization  by 
tbe  electric  current.  Arago  also  made  abont  this  time  the  important 
discovery  that  if  a  needle  be  suspended  above  a  copper  disc  and  the 
disc  rotated  tbe  needle  will  be  dragged  round  with  the  disc.  This  was 
not  explained  for  some  years,  but  seems  to  be  tbe  first  discovery  of 
indnced  currents. 

These  exi>eriment8  mark  the  discovery  of  electro-magnetism,  and 
began  one  of  the  moat  important  erasin  electrical  discovery,  the  work 
which  has  been  participated  in  by  many  eminent  authorities.  Among 
the  many  advances  may  be  mentioned  the  experiments  of  Henry  on  the 
relative  effects  of  different  windings  on  the  strength  of  an  electro- 
magnet. He  deduced  tbe  fact  that  the  magnetizing  action  might  be 
increased  either  by  increasing  the  number  of  windings,  tbe  current 
remaining  the  same,  or  by  increasing  the  current,  the  winding  remain- 
ing  the  same.  He  pointed  out  the  application  of  this  to  intensity  and 
quantity  arraugements  of  the  battery,  and  also  the  importance  of  the 
intensity  winding  for  tbe  transmission  of  magnetizing  power  to  a  dis- 
tance, as  in  telegraphy.  The  increased  effect  due  to  increasing  tbe 
number  of  windings  on  tbe  coil  of  a  galvanoscope  had  beeu  previously 
pointed  out  by  Sobweigger,  and  the  discovery  is  embodied  in  Scbweig- 
ger's  galvanoscope. 

In  1821  Faraday  began  his  researches  and  many  inportant  discov- 
eries were  made  by  him.  The  main  guiding  idea  in  Faraday's  work 
was  the  possibility  of  obtaining  electricity  from  magnetism  and  in  gen- 
eral the  discovery  of  tbe  interrelation  between  tbe  two.  In  this  con- 
nection Arago's  discovery  of  the  rotation  of  a  copper  disc  by  the  rota- 
tion of  a  magnet  above  it  is  of  great  importance,  becanse,  among  other 
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things,  Faraday  set  himself  to  explain  this.  The  resnlt  was  the  dis- 
coTflry  of  the  commutatorless  dynamo,  or  Faraday  disk.  In  view  of 
modem  developments,  probably  the  most  important  of  Faraday's  du- 
coveries  was  that  of  the  prodnctiou  of  a  current  in  a  circuit  when  a 
current  is  either  established  or  varied  in  stren^h  in  an  adjacent  ai- 
(iuit.  This  was  followed  by  the  discovery  that  relative  motion  of  two 
circn its,  one  of  which  carried  a  current,  prodaced  acnrrent  in  the  other, 
and  that  the  motion  of  a  magnet  in  the  neighborhood  of  a  circnit  pro- 
daced a  correnl  in  the  circnit.  Another  important  discovery  by  Fara- 
day was  that  of  the  quantitative  laws  which  govern  electrolytic  decom- 
position, thns  giving  as  oar  electro-chemical  equivalents. 

At  this  time  Lenz  was  led  by  experiment  to  the  discovery  of  his 
celebrated  law  of  induction,  namely,  that  the  carrent  prodaced  always 
in  turn  prodaces  forces  tending  to  oppose  the  change.  For  example, 
if  a  carrent  be  induced  in  a  coil  by  bringing  a  magnet  toward  it  the 
mutual  action  between  the  magnet  and  the  current  is  to  oppose  the 
magnet's  appi'oach.  This  is  important  when  looked  at  from  the  iK>iDt 
of  view  of  the  conservation  of  energy  or  as  an  argument  t^oinst  per- 
petual motion.  Jjenz's  law  is,  of  course,  when  the  actions  are  properly 
understood,  a  consequence  of  Newton's  thinl  law  of  motion. 

Discoveries  similar  to  those  of  Faraday  as  to  induced  trurrenta  were 
made  almost  simultaneously  by  Henry  in  this  country.  We  have  in 
the  discoveries  of  Faraday  and  Henry  the  fundamental  iaformation 
required  for  nearly  the  whole  of  our  recent  developments  in  dynamo- 
electric  generators  and  electric  motors,  but  it  waH  reserved  for  the  next 
generation  to  develop  them.  This  development  we  owe  in  no  small 
degree  to  the  splendid  exposition  of  Faraday's  discoveries  and  thmr 
consequences  contained  in  Maxwell's  book  on  electricity  and  magnetism. 

Going  back  for  a  moment  to  182!^,  we  have  to  notice  another  important 
discovery,  namely,  the  thermoelectric  couple  by  Seebeck.  There  fol- 
lowed almost  immediately  the  important  experiment  of  Gumming,  who 
showed  that  the  thermoelectric  order  of  the  metals  is  not  the  same  at 
all  temperatures. 

The  next  important  discovery  in  thermoelectricity  was  that  of  Peltier, 
of  the  beat  generated  at  the  junction  of  two  metals  when  a  current  is 
forced  across  it  against  the  electro-motive  force  of  the  junction.  In 
later  years  we  have  the  classic  researches  of  Thomson  (Kelvin),  who 
added  thermoelectric  convection  and  the  specific  heat  of  electricity 
and  gave  the  thermoelectric  diagram  method  of  representiug  results. 
This  method  was  afterwards  used  and  extended  by  Tait,  who  added  a 
good  deal  to  our  knowledge  of  thermoelectric  data.  Among  the  large 
number  of  others  who  have  worked  in  this  fleld  we  may  mention 
Becqoerel,  Magnos,  Matthieson,  Leroux,  and  Avenarius.  Thermo- 
electric batteries  of  considerable  power  have  been  made  by  Glamood 
and  others. 

In  1827  the  celebrated  law  giving  tlie  relation  between  eleotro-motive 
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force  resiBtanee  and  carreDt  was  pnblished  by  Ohm  in  a  paper  on  the 
mathematical  theory  of  the  galvaoiu  circuit  The  theory  has  been 
sometimeB  criticised,  but  there  seems  to  be  absolute  certainty  tliat  the 
law  is  almost  exact,  and  it  has  proved  of  the  greatest  importance  in  the 
further  development  of  the  sabject  of  electric  measorements. 

The  sabject  had  about  the  middle  of  the  ceutory  reached  a  stage  iu 
which  it  was  possible  to  develop  ulmost  completely  the  matbenintical 
theory  as  we  now  have  it.  Most  of  the  work  since  Faraday's  time  has 
been  directed  toward  quantitative  meaBnrements  and  the  famishing  of 
exact  data  to  answer  questioiis  an  to  how  much  in  various  cases.  F.  E. 
Neumann  discovered  what  he  called  the  potential  function  (now  called 
the  coefhcient  of  self  and  mutual  induction)  of  one  current  on  another 
and  on  itself,  and  succeeded  in  giving  a  theory  of  induction  vhich  was 
in  iiocordance  with  the  experimental  laws.  The  laws  were  afterwards 
experimentally  verified  by  Weber.  In  1849  the  experiments  of  Kir- 
cboff  on  the  absolute  value  of  the  current  induced  in  one  circuit  by 
another,  and  in  the  same  year  Edinnd's  experiments  on  self  and  mutoal 
induction  are  important.  In  1851  Helmholtz  gave  a  mathematical 
theory  of  this  part  of  the  subject,  which  he  supplemented  with  an 
experimental  verification. 

One  of  the  most  important  of  the  series  of  experimeuta  made  by 
Elenry  was  on  the  oscillatory  character  of  the  discharge  f^om  aLeyden 
jar.  This  he  discovered  from  the  effect  of  the  discharge  on  a  steel 
needle  surrounded  by  a  coil,  throngh  which  the  carrent  was  made  to 
pass.  The  resalts  of  these  experimeuts  were  communicated  to  the 
American  Association  for  the  Advancement  of  Science  in  1850,  but  he 
knew  of  the  effect  much  earlier,  certainly  in  1841.  Previously  the 
anamolous  behavior  of  the  discharge  of  a  jar  wbeu  used  to  magnetize 
steel  needles  had  been  noticed,  bat  was  attributed,  as  I  believe,  to 
some  peculiarity  of  the  steel.  Henry  was  the  first  to  appreciate  the 
true  reason,  although  he  could  hardly  at  that  time  be  expected  to  see 
the  great  importance  of  his  discovery. 

Helmholtz,  in  1847,  suggests  that  the  discharge  of  Leyden  jars  may 
be  of  the  nature  of  a  backward  an<l  forward  movement.  There  is  a 
coriouB  parallelism  iu  the  work  of  several  investigators  about  this  time, 
and  particularly  in  that  of  Helmholtz  and  Thomson.  In  the  Philosoph- 
ical Magazine  for  1855  there  is  a  paper  by  Prof.  W.  Thomson  (Kelvin) 
in  which  the  theory  of  the  discharge  of  a  Leyden  jar  is  discussed  and 
the  prediction  made  that  under  certain  specified  conditions  the  dis- 
charge mast  be  oscillatory.  A  number  of  similar  papers,  going  back 
to  1848,  treat  of  similar  subjects.  Henry's  resalta  do  not  appear  to 
have  become  generally  known,  and  we  find  the  verification  of  Thom- 
son's prediction  in  1857  by  Feddersen.  A  number  of  other  physicists 
have  investigated  the  subject,  the  work  of  Schiller  being  of  particalar 
value.    The  recent  applications  will  be  referred  to  later. 

The  mathematical  theory  of  electrostatics  and  magnetism  was  greatly 
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ezCeDded  &boat  tbis  time  by  Thomson  and  otberB,  aod  received  its 
most  complete  statement  at  the  hauds  of  Maxwell  in  his  papers  read 
before  tbe  Boyal  Society  and  in  his  book,  pabliehed  In  1873  bat  stall 
thestaudard  of  refereoce.  Very  little  has  since  been  discoTered  which 
was  not  foreshadowed  by  HaxwelPs  theory  or  contained  in  his  eqaa- 
tioDs,  which  have  been  found  general  enongh  to  cover  almost  e7er>- 
tbing,  altboagh  experiment  has  generally  been  necessary  to  saggest 
the  consequences  of  the  theory. 

Tbe  practical  applications  of  electricity  have  played  a  most  impor- 
tant part  in  the  development  of  the  sabject  during  the  last  sixty  years. 
Indeed,  a  great  part  of  the  work  of  these  years  has  had  some  practical 
application  in  view.  One  of  the  first  of  these  practical  applications  was 
that  of  telegraphy. 

Tbe  telegraph,  being  one  of  tbe  earliest  of  the  practical  developments, 
natnrally  had  a  great  effect  in  stimulating  tbe  advance  in  knowledge 
of  electricity,  and  hence  I  give  a  somewhat  fuller  sketch  of  its  early 
history  than  space  will  permit  for  tbe  later  applications. 

The  discovery  of  Stephen  Gray,  in  1729,  that  the  electrical  infla<*noe 
could  be  conveyed  to  a  distance  by  means  of  an  insulated  wire  is 
probably  the  first  of  direct  influence  in  connection  with  telegraphy. 
As  a  result  of  this  discovery  and  the  investigations  which  followed  it, 
a  considerable  number  of  proposals  were  made  as  to  the  use  of  the 
electrical  force  for  the  transmission  of  intelligence.  The  first  of  these 
of  which  I  have  found  any  record  was' made  in  1753  by  Charles  &for- 
rison,  a  Scotchman,  and  then  followed  other  proposals  for  electrostatic 
telegraphs  by  Bozolns  in  1767,  by  Le  Sage  in  1774,  by  Lomond  in  1787, 
by  Betancourt  in  the  same  year,  by  Keizen  in  1794,  by  Oavalla  in  1795, 
and  by  Ronalds  in  1816. 

Tbe  discovery  of  voltaic  electricity,  and  most  directly  tbe  discovery 
of  Nicholson  and  Carlisle  of  electrolysis,  gave  rise  to  another  group  of 
proposals  for  the  application  of  this  discovery  to  the  production  of 
telegraphy.  Among  those  may  be  mentioned  that  of  Simmering  in 
1809,  of  Ooxe  in  1810,  and  of  Sbarpe  in  1813.  In  more  recent  years, 
of  coarse,  the  same  application  appears  in  the  chemical  telegraphs, 
some  of  which  are  capable  of  giving  very  satisfactory  results  and  great 
speed. 

The  discovery  which  had  tbe  greatest  inflnence  on  the  development 
of  telegraphy  was  that  of  Oersted,  supplemented  by  the  work  ot 
Scbweigger  and  Ampere.  Ampere  proposed  a  multiple-wire  tel^j^rapb 
with  galvanoscope  indicators  in  1820,  and  a  modification  was  con- 
structed by  Bitchie.  A  single-cirouit  telegraph  of  this  character  was 
invented  by  Tnbaoillet,  but  did  not  come  into  nse.  In  1832  Schilling's 
five-needle  telegraph  appeared,  and  he  also  used  a  single-needle  instru- 
ment, but  his  early  death  stopped  further  progress.  In  1833  Schilling's 
telegraph  was  developed,  to  some  extent,  by  Ganss  and  Weber,  who 
used  it  for  exi>erimental  purposes.    Tbe  following  quotation,  referring 
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to  GansB  and  Weber's  telegraph,  from  FoggendorTs  Anoaleo,  is  of  coa- 
siderable  historical  ioterest: 

"There  is,  in  coiinection  with  these  arrangemeDte,  a  great  and  nntil 
now  in  its  way  novel  project,  for  which  we  are  indebted  to  Professor 
Weber.  This  geotleman  erected,  daring  the  past  year,  a  donble-wire 
line  over  the  honses  of  the  town  (Gottingen),  ^om  the  Physical 
Cabinet  to  the  Observatory,  and  lately  a  cootinnation  from  the  latter 
bnildiiig  to  the  Magnetic  Observatory.  Thos  an  immense  galvanic 
chain  is  formed,  in  which  the  galvanic  corrent,  the  two  moltipliers 
at  the  ends  being  included,  has  to  travel  a  distance  of  nearly  9,000 
(Prnssian)  feet.  The  line  wire  la  mostly  of  copper,  of  that  known  as 
'No.  3,'  of  which  1  meter  weighs  8  grams.  The  wire  of  the  multipliers 
in  the  Magnetic  Observatory  is  of  copper,  'Xo.  14,'  silvered,  and  of  which 
1  met«r  weighs  2.6  grams.  This  arrangement  promises  to  offer  oppor- 
tunities for  a  number  of  interesting  experiments.  We  regard,  not 
without  admiration,  how  a  single  pair  of  plates,  bronght  into  con- 
tact at  the  farther  end,  instantaueonsly  commanicate  a  movement 
to  the  magnetic  bar,  which  is  deHected  at  once  for  over  a  thoaaand 
divisions  of  the  scale." 

Further  on  iu  the  same  paper: 

"The  ease  with  which  the  manipulator  has  the  magnetic  needle 
in  his  command,  by  means  of  the  commanicator,  had  a  year  ago 
suggested  experiments  of  an  application  to  telegraphic  signaling, 
which,  with  whole  words  and  even  short  sentences,  completely  sac- 
ceeded.  There  is  no  doabt  that  it  would  be  possible  to  arrange  an 
uninterrupted  b-legniph  communication  in  the  same  way  between 
two  places  at  a  considerable  number  of  miles  distance  IVom  each 
other." 

The  method  of  producing  the  currents  in  Gauss  and  Weber's  experi- 
ments was  an  application  of  the  important  discoveries  of  Faraday  and 
Henry,  above  referred  to,  in  the  induction  of  current  by  currents  and 
by  magnets. 

On  the  recommendation  of  Gauss,  this  telegraph  was  taken  up  by 
Steinheil,  who,  following  their  example,  also  used  induced  currents. 
The  important  contributions  of  Steinheil  were  the  discovery  of  the 
earth  return  circuit,  the  invention  of  a  telegraphic  alphabet,  and  a 
recording  telegraph.  Steinheil  contributes  an  acconutof  his  telegraph 
to  Sturgeon's  Annals  of  Electricity,  in  which  the  relative  merits  of 
scopic,  reoxtrding,  and  acoustic  telegraphs  are  discnssed,  and  the 
advantages,  which  esperience  baa  since  brought  into  prominence,  of 
the  acoustic  form  are  pointed  out. 

Schiller's  telegraph  was  exhibited  at  a  meeting  of  German  natural- 
ists held  at  Bonn  in  1835,  and  wae  there  seen  by  Professor  Muncke,  of 
Heidelberg,  who,  after  his  return  to  Heidelberg,  made  models  of  the 
telegraph  and  exhibited  them  iu  his  class  room.  These  models  were 
seen  by  Cooke  in  the  early  part  of  1836,  and  gave  him  the  idea  of  intro- 
ducing the  electric  telegraph  in  England.  Cooke  afterwards  became 
asmcmted  with  Wheatstone,  and  a  large  number  of  ingenious  arrange- 
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mentB  for  telegraphing  was  the  reaalt  Many  of  the  later  developmeoto 
by  Wheatstone  are  still  id  use  and  are  hard  to  beat. 

Steinheil  appears  to  have  been  anticipated  in  the  idea  of  making  the 
telegraph  self-recording  by  Morse,  who,  according  to  evidence  broagbt 
forward  by  himself,  thought  oat  some  arrangements  as  early  aa  1833. 
Exactly  what  Morse's  first  ideas  were  seems  somewhat  doubtfti),  and 
be  did  nothing  till  1835,  when  he  made  a  rongb  model  of  an  electro- 
magnetic recording  telegraph.  Morse's  mechanical  arrangements  were 
of  little  merit,  and  his  alphabet  and  method  of  interpretation  by  a  die 
tionary  were  clamsy  and  inconvenient.  The  chief  point  of  interest  in 
connection  with  the  early  history  of  the  Morse  telegraph  was  the  ]»«- 
posal  to  make  use  of  Storgeon's  discovery  of  electro-magnetism  of  soft 
iron.  Morse,  however,  seems  to  have  known  practically  nothing  of  the 
subject  except  that  iron  conid  be  magnetized  by  a  onrrent,  and  in  coo- 
snlting  his  colleague.  Dr.  Qale,  he  was  unwittingly  led  to  ube  the 
discoveries  of  Henry,  who  had  previously  practically  solved  the  whole 
problem.  Much  of  the  subsetjuent  improvement  in  the  mechanical 
arrangements  were  dne  to  "\'"ail,  who  became  associated  with  Morse,  and 
the  Morse  code  as  we  now  know  it  was  almost,  if  not  entirely,  worked 
out  by  Vail.  Considerable  dispute  and  some  litigation  arose  over 
Morse's  claims,  but  that  is  outside  onr  present  subject.  There  is  do 
doubt  that  the  electric  telegraph  was  a  slow  growth,  inventors,  with  a 
view  to  pecuniary  and  other  advantage,  being  ever  ready  to  lay  hold 
of  each  scientitic  discovery  and  trytotnm  it  to  account.  The  question 
who  first  conceived  the  idea  cau  never  be  satisfactorily  answered. 

After  1840  there  is  little  to  record  of  a  purely  electrical  character 
bearing  only  on  telegraphy,  but  there  have  been  many  very  ingeoions 
mechanical  contrivances  introdnced  for  recording  signals,  for  rei)ro- 
ducing  pictures  and  handwriting,  and  for  printing,  for  duplexing,  qnad- 
ruplexing,  and  multiplexing  telegraph  lines,  for  increasing  the  rate  of 
signaling,  and  in  many  ways  increasing  the  expedition  with  which 
messages  can  be  sent.  Of  conrse  the  succesii  of  many  of  these  con- 
trivances, and  even  their  invention,  depended  upon  an  increased  knowl> 
edge  of  the  laws  of  electricity  and  magnetism.  For  example,  effective 
duplexing,  quadruplexing,  etc.,  depends  on  a  proper  understanding  of 
the  electrostatic  capacity  of  the  line,  and  this  was  not  understood  prop- 
erly until  the  mathematical  investigations  of  Thomson  and  others 
cleared  the  matter.  Forthe  impetus  toward  discovery  in  this  direction 
iigain  we  are  largely  indebted  to  telegraphy,  for  much  of  that  class  of 
work  was  suggested  by  the  diflicaltieH  encountered  in  signaling  tbrougli 
long  submarine  cables. 

The  invention  of  the  telephone  is  fast  becoming  ancient  history,  and 
yet  it  will  always  mark  one  of  the  greatest  of  the  useful  applications 
of  electricity.  It  does  not  call  for  more  than  a  passing  remark  here, 
because  elcctro-magiietically  it  is  all  in  Faraday's  and  Henry's  papers. 

The  radiophone  shonid  be  mentioneilbecauseit  marks  the  application 
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of  the  diBcovery,  by  Hay  aud  Smith,  of  the  effect  of  light  on  the  resitt- 
anceof  seleoiam.  This  effect  has  since  been  foand  in  the  case  of  a 
large  nnmber  of  other  substances,  bnt  it  is  still  an  interesting  field  for 
research.  A  nnmber  of  experinients  on  this  subject  have  been  associ- 
ated with  attempts  to  make  things  visible  at  a  distance.  No  donbt  it 
will  ultimately  be  possible  not  only  to  talk  to  a  distant  party,  bat  also 
to  see  the  party  talked  to,  and  thos,  as  it  were,  look  the  party  with 
whom  yon  are  conversing  in  the  eye. 

The  sabjeot  of  telegraphy  is  closely  associated  with  the  present  excel- 
lent system  of  electrical  measorements  and  with  the  invention  of  many 
of  oar  moat  delicate  measuring  iustraments.  As  the  applications  of 
electricity  increased  there  gradually  grew  np  a  new  branch  of  engineer- 
ing, a  branch,  however,  iu  which  the  foot  role,  pound  weight,  chro- 
nometer, and  thermometer  were  not  snfflcient.  Other  standards  of  meaa- 
arement  were  required,  in  order  that  ({nantitiea  could  be  ganged  and 
consistent  work  done.  The  way  to  connect  the  measaremente  of  the 
new  qaantities  with  the  units  already  jn  use  in  dynamics  had  been 
pointed  out  by  Ganss  and  others,  and  at  the  suggestion  of  Thomson 
the  British  Association  appointed  a  committee  in  1S61  to  determine  the 
best  standard  of  electrical  resistance.  This  led  to  an  unexpected 
amount  of  work,  not  only  ou  a  standard  of  resistance,  bnt  also  on  the 
general  subject  of  electrical  measurement.  The  committee  regretted, 
at  the  end  of  the  first  year,  that  it  could  not  give  a  final  report,  but 
hoped  that  the  inhereut  difflcnity  and  importance  of  the  subject  wonid 
sufficiently  account  for  the  delay.  It  can  hardly  be  said  that  the  final 
report  has  yet  been  forthcoming,  as  a  committee  with  some  of  the  origi- 
nal members  iu  it  still  exists  and  reports  regularly  every  year  on  valu- 
able work  done  by  it.  The  committee  worked  energetically  for  a  number 
of  years,  not  ouly  ou  the  standard  of  resistance,  bnt  on  those  of  cur- 
rent, electro- motive  force  and  capacity.  It  incidentally  supplied  a  great 
deal  of  ({uantitative  data  on  a  number  of  subjects,  and  particularly  as 
to  the  permaneuce  of  alloys,  the  variation  of  their  resistance  with  tem- 
perature as  depending  on  their  composition,  aud  so  fi:>rth.  In  looking 
over  the  results  of  the  early  work  of  the  British  Association  committee 
one  is  apt  to  indulge  in  adverse  criticism.  It  is  hard  for  many  of  the 
younger  workers  to  appreciate  the  difficulties  which  are  met  In  a  first 
attempt.  It  would  be  equally  just  to  congratulate  ourselves  that  we 
have  better  marksmen  to-day  than  there  were  fifty  years  ago,  witii- 
Dut  making  allowance  for  the  modern  rifle. 

The  first  absolute  determination  of  resistance  was  probably  that 
made  by  Kirchhnff  about  fifty  yearsago.  Weber  pnbtished  his  method  in 
1862,  and  thee  came  the  British  Assodation  determination  by  Maxwell, 
Stewart,  aud  Jenkin  in  1863.  Neither  of  these  was  very  exact,  but  they 
paved  the  way  for  the  splendid  exhibitions  of  experimental  skill  which 
followed.  Among  those  to  whom  we  are  most  indebted  for  this  later 
work  may  be  mentioned  Kohlrauseh,  Bayleigh,  Otazebrook,  Rowland, 
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WiedetnsnD,  Maecart,  etc.  The  greatest  step  in  adTaoce  in  recent 
years  baa  been  the  iDvention  of  the  revolviDgKUBk  method  by  Lorenz, 
of  Copenhagen,  and  its  enbseqaeDt  improTemeDt  and  application  by 
himself  and  by  J.  V.  Jones.  The  determinations  made  by  the  latter  by 
tbin  method  are  probably  almost  absolntely  correct. 

A  subject  which  has  attracted  mnch  attention  comes  in  intndeDtally 
here,  naniely,theeIeotro-magnettc  theory  of  light  propagation  SQg^ested 
by  Maxwell.  According  to  this  theory  the  ratioof  the  elect9ro-m»gnetic 
nnit  of  qaantity  of  electricity  to  the  electro-static  anit  onght  to  be  the 
same  as  the  velocity  of  light.  In  1868  a  determination  of  this  ratio  was 
ina<le  t>y  MoKichan  ander  Lord  Kelvin's  direction,  and  gave  cloae  agree- 
ment with  the  theory.  Since  that  time  determinations  have  been  made 
liy  varioa*  methods  by  Maxwell,  Shida,  AyrtJn  and  Perry,  J,  J. 
Tlionmon,  Bosa,  Lodge,  Olazebrook,  and  others,  with  the  reenlt  that 
the  ratio  of  the  two  units  does  not  differ  from  the  velocity  of  light  1^ 
morn  than  the  probable  error  of  observation.  The  work  here  referred 
to  may  n()t  appear  to  be  very  directly  assodated  with  the  determinati<m 
of  Hi  iindards  of  rneasnrements.  It  is,  however,  one  of  the  investigations 
wlilrh  htvt  1>een  made  possible  by  tbe  work  of  the  British  Associatioa 
rtninmlttee  tii  the  prodnctton  of  instniments  of  precision.  Promineat 
among  tliCHo  liintraments  standi  the  Kelvin  electrometera,  and  particn- 
larly  the  absolute  electrometer  which  was  described  in  the  report  of  tbe 
llrltlnh  Assmiiation  (»mmittee  for  1867. 

A  nritlior  subject  of  great  interest  in  itself  and  in  connection  with 
Mux  well's  theory  ts  thatof  the  specific  inductive  capacity  of  dielectrics. 
Kx|Htrlm»ntH  on  this  subject  were  made  by  Faraday,  bnt  comparatively 
little  wiiH  (li)iu)  before  1870,  hi  which  year  an  excellent  paper  was  com- 
hiniilcHliMl  to  the  Itoyal  Society  by  Gibson  and  Barclay  on  the  specific 
Inductive  capacity  o(  paraffin.  Since  that  time  much  good  work  has 
UiMiH  done  by  Holtiman,  Hopkinson,  Quincke,  Silow,  Klemencic,  Kegre- 
fiiio,  and  others.  The  theoretical  importance  of  these  experiments  is 
due  to  the  Tact  that,  according  to  Maxwell's  theory,  the  specific  indoct- 
Ive  cHpmtlty  of  nonmagnetic  dielectrics  should  be  proportional  to  tbe 
Higuiires  of  their  indices  of  refraction.  A  wonderful  verification  of  Uax- 
wt-ll'H  theory  wan  carried  out  only  some  ten  years  ago  by  Hertz,  who 
Mliowed  not  only  that  electrical  waves  exist,  but  also  how  to  measare 
'  their  wave  length  and  period.  We  have  in  these  experiments  splendid 
lllustrHtionn  of  the  oscillatory  discbarge  referred  to  above,  as  discovered 
by  Henry  and  jiredtcted  by  Thomson,  and  aHaresutt  several  new  ways  of 
determining  electrical  quantities  have  been  developed.  It  is  now  pos- 
sible, for  example,  to  compare  the  capacity  of  oondenaers  by  means  of 
oscillatory  currents  of  exceedingly  short  periods,  and  thns  to  determine 
the  dielectric  constants  of  many  materials  to  which  the  older  methods 
were  not  easily  applicable. 

It  is  somewhat  difficult  to  decide  where  to  place  a  reference  to  the 
recent  discovery  of  Biintgeu  and  its  development  in  photography,  bat 
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probably  it  comets  in  well  beru.  'loBt  bow  to  apply  Maxwell's  eqaatiou 
to  tbe  Bdutgen  rays  is  not  yet  quite  clear,  bat  there  is  do  doubt  as  to 
the  great  importaace  of  the  discovery. 

As  au  ontcome  of  all  this  activity  iu  the  determination  of  standards 
and  in  the  absolute  measorements  of  the  electrical  properties  of  mate- 
rials, combined  with  the  great  commercial  demand  produced  by  the 
introduction  of  dynamo  machinery,  we  bave  now  many  excellent  instra- 
menta  at  our  disposal  for  absolute  measnreuieDt  and  suitable  either  for 
practical  applications  or  for  the  most  refined  laboratory  work.  For  the 
production  of  theee  we  are  indebted  to  a  host  of  inventors,  prominent 
among  whom  may  be  mentioned  Lord  Kelvin,  Lord  Kaylelgfa,  Ajnrton 
and  Perry,  Mather,  Swinburne,  Gardew,  and  Weston. 

Magneto-electric  and  dynamo-electric  generators  and  motors  have 
nov  become  so  common  that  we  are  apt  to  forget  that  their  introduc- 
tion on  an  extensive  scale  has  only  taken  a  few  years.  Faraday's  disk 
dynamo  was,  as  has  already  been  stated,  produced  in  1831,  and  a 
machine  for  generating  electricity  was  made  by  Fixii  in  the  following 
year.  Pizii's  machine  consisted  of  a  horaesboe  permanent  magnet 
wbioh  was  rotated  in  such  a  way  that  its  poles  passed  alternately  in 
front  of  the  poles  of  a  similar  electro- magnet.  An  alternating  current 
Tas  thus  iudoced  in  the  circuit  which  inclnded  the  coils  of  tbe  electro- 
magnet. 

This  macbiue  was  improved  by  Olarke,  who  rotated  the  coils  and  put 
a  commutator  on  the  axis.  Other  machines  were  made  or  suggested 
by  various  physicists,  and  an  important  observation,  which  has  since 
been  frequently  overlooked,  was  made  at  this  time  by  Jacobi,  who 
pointed  out  the  importance  of  making  the  cores  of  the  coils  short 
Sturgeon,  in  1835,  made  a  dynamo  with  a  shuttle-shaped  armature;  a 
similar  form  has  long  been  identified  with  the  name  of  Siemens.  Wool- 
rich  made  a  multipolar-magneto  machine  in  1841  for  electroplating,  and 
Wbeatstone  about  this  time  prodnoed  his  small  multipolar  magneto, 
long  used  for  telegraph  purposes.  In  1845  Wheatetone  and  Cooke 
patented  the  useof  electro-magnets  in  place  of  the  permuient  magnets, 
and  Brett  suggested,  in  1848,  that  the  current  from  the  machine  might 
be  made  to  pass  round  a  coil  surrounding  the  magnet  and  thus  increase 
its  strength.  A  simitar  suggestion  was  independently  made  in  1851 
by  Sinsteden.  In  1849  Pnlvermacher  proposed  tbe  nse  of  tbin  lamin% 
of  iron  for  the  cores  of  the  magnet,  a  proposition  which  has  since,  but 
probably  for  a  different  reason,  been  almost  universally  adopted.  Sin- 
steden used  iron  wire  cores  and  made  a  number  of  experiments  on  the 
effect  of  varying  the  pole  face.  About  this  time  another  class  of 
machines  were  proposed  by  Bitehie,  Page,  and  Dojardin.  In  these 
machines  both  the  niaguete  and  the  colls  were  to  be  stationary,  bat 
the  magnetism  was  to  be  varied  by  revolving  soft  iron  pieces  in  front 
of  the  poles.  Modern  representatives  of  these  machines  are  to  be  found 
iu  the  dynamos  of  Kingdoo,  Stanley,  and  others.    All  the  maobines  up 
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to  thiH  tlni«  had  been  of  very  smsll  dimensions.  In  1849  NoOet  bega 
tli«  ooiiBtruotlon  of  no  altematiDg  machiae  on  a  larger  scale,  but  died 
liefore  It  was  oompleted.  Haohines  of  Nollet'B  type  were  aAarwmiiM 
uod*  by  Molmea  and  by  the  Compagnie  rAlliauoe,  of  Paris,  tlie  latter 
Iwinf  aalled  the  Alliance  machine.  These  machines  were  used  ftr 
llfflil-h()U»e  purposes.  Holmes's  earlier  machines  were  oootannooB  «ar- 
ritrit,  lint  later  he  left  out  the  commntator,  aod  stiU  later  again  intxo- 
du''-«Ml  It  Oil  part  of  the  ooils  for  the  pnrpose  of  obtaining  corroit  lo 
NxdUt  IiIh  Held  magnets.  This  latter  plan  was  intiodaoed  after  tte 
mlf-iiK(titlng  principle  had  been  introduced  by  Si«nenB  and  Wbeat- 
Mbiiw.  A  remarkiible  machine,  historically,  was  patented  in  1S48  hy 
MJ'irtli.  In  this  machine  a  oombinatioD  of  the  pennuieut  and  ^ectn 
miH(l)(4  WHS  used,  the  Hrst  to  give  meohuUsm  enoagfa  to  prodaee  « 
riirroiit  with  which  to  excite  the  other.  A  similar  idea  was  developed 
flflMtii  yiwrii  later  by  Wilde,  with  the  difference  that  the  pennaiieat- 
fti»Kiii<t  (iitrt  wiM  a  separate  machine.  The  idea  of  ostng  part  of  the 
(tiint'iit  frotii  the  armature  to  excite,  or  partially  excite,  the  fi^d  Bag- 
lipiM  wan  at  tliU  time  In  the  minds  of  a  iiamber  of  woi^ers,  and  some 
r«fiiiirhH)ilii  HiiH^lilliei  were  patented  by  the  brothers  Varley,  one  of 
witloli,  (Miiifiiliiliig  liotli  »  Hhnnt  and  a  series  winding,  has  been  held  by 
wrfrio  bi  Mtitli-||iiit4t  the  compound  winding  now  in  ose.  In  1867  it  seems 
Ut  li»vc  ttiTiii'i-iiil  liiiltipoiKleiitly  to  Wheatstone  and  E.  Werner  S 
ttiHt.  MiM  |H<riiiiiiiiMil  rimgiiet  part  of  the  Hjorth  and  Wilde  i 
iitiu^il  tm  ilMiiMtMiil  with,  the  residual  m^oetasm  being  ased  to  start 
Hip  HI' Hi  III.  HiMriiitiis  gave  the  name  dynamo-electric  machine  to  xha 
lyrif,  Mild  It  liiiH  HtiiKk.  In  order  to  diminish  the  flnctnations  in  the 
•ir*-''!;)'!!  <ff  Uki  tuirritntthirlrigone  revolution  of  the  armature  Pacinotti 
/l^'VlM'd  hit  iiiiittlKHKiveil  armature  in  1864.  This  machine  did  not 
fni  f  ivf  tilt!  iivlhw  It,  di^Hnrvml  for  a  number  of  years,  and  in  tbe  meaa- 
n""<  OiHiHiiiii  pi'fHiiti'ral  hiN  Hinooth-rlng  wmatore,  in  1870.  Otaarae's 
iiiHi  Itliii'  will  wioii  I'tu'ogiilMKi  AH  being  of  great  merit,  and  its  giadn^ 
Mfii'f'liii'llfiii  jfiivN  rUi>  t«)  tucreiMed  activity.  In  1873  tlie  Hefiio'- 
AiU'iim'h  liiit'KfvnmitiilH  on  the  Hleraens  armatare  were  intnjdooed  and 
\ti  MiM  ifiimlHlug  NMVtiitMtw  <]nlt4>  a  number  of  forms  of  dynamo  w«e 
tiivfm*u\,  tlm  lifiiiMii  tyiM,  liitntduced  in  1876  with  improvement  in 
miitm-niuiil  ynniM,  Iwliig  iiiiit  iif  tlie  best.  The  early  ei^ties  saw 
Ufui*tiiit«»in  iM'tlvlIyi  Mi»  pal«tit  olllces  in  Europe  and  America  wen 
It^ftrilMl  wKli  liiVMftMoiiH  of  various  tyjies  of  dynamos  and  mot«n,of 
tttifitm  for  Hlc'tilK  ll|(ltlliitf,»U<.  ItUciirionshowfevofthofwmaebiDes 
hnvunUnHt  Mi«  iMttlnf  tliiin  mid  liow  well  the  old  types  of  Paeiiiotti, 
(IrHiiiiiiM,  Hif'ffiniin  AlMwiftnh,  liiiil  liimtln  In  some  one  of  their  modifica- 
M'fliii  li"lil  MinflKl'l,  llimtl  jirngriiHH  hiis  been  made  in  the  last  flfteea 
y«arH,  MiwtltlriiMi  lii^vo  HnNiiiiinil  luiiiriiious  proportions  and  the  noinbcr 
«r  bi'Hiicliwi  Iff  IridiiaMr  <"  wlili')i  tliey  have  been  applied  is  now  very 
Iarg«.     Mn^h   Itn*  l»w.ii   '■  "    '  ^'ng  thie  time,  particolariy  with 
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of  power,  the  iutroduction  of  Maltiphase  systeiuB  being  of  considerable 
importaace  in  this  connection.  In  the  direction  of  high  potential  and 
great  freqoeDcy  the  work  of  E.  Thomson  and  Tesla  is  of  great  interest. 

Of  the  application  of  electricity  t«  the  prodaction  of  light  and  heat 
little  need  be  said  in  this  connection.  The  difficulties  to  be  overcome 
were  largely  mechanical,  and  with  the  progress  made  we  are  all  familiar. 

As  regards  primary  batteries  there  has  been,  of  course,  as  we  all 
koow,  considerable  progress  since  the  time  of  Volta.  The  number  of 
forms  brought  into  use  has  been  enormous  and  they  have  been  impor- 
tant in  iiicre&siug  our  knowledge  of  the  relative  electro- motive  force  of 
various  combinations  and  in  their  bearing  on  chemical  knowledge.  It 
can  hardly  be  said  that  an  ideal  primary  battery  has  yet  been  obtained, 
when  we  look  at  the  sobject  from  a  commercial  point  of  view.  Although 
tbe  subject  is  not  very  much  to  the  fk'ont  at  present,  however,  it  is  des- 
tined to  come  again,  and  will,  I  have  no  doubt,  be  in  a  comparatively 
short  time  one  of  our  leading  industries. 

The  work  of  Plantt;  and  of  Faure  and  others  on  secondary  batteries 
has  been  of  great  value  commercially.  They  gave  rise  to  several  chem- 
ical problems,  but  the  main  difficulty  here  also  has  been  of  a  mechan- 
ical kind,  and  they  have  not  added  moch  to  the  knowledge  of  electrical 
laws. 

The  transformation  of  alternating  currents  from  high  to  low  potential 
and  vice  versa,  by  means  of  what  are  commonly  called  transformers, 
has  shown  another  remarkable  development  of  Faraday's  discovery  of 
induced  currents,  fhe  application  of  transformers  has  made  it  possi- 
ble to  distribute  electrical  energy  over  large  areas  in  a  moderately 
economical  manner,  and  incidentally  has  led  to  considerable  increase 
in  the  knowledge  of  the  ma^etic  properties  of  iron. 

One  of  the  most  important  of  the  applications  of  electricity  is  that  of 
electro-chemistry.  The  chemical  action  of  the  electric  spark  was  noticed 
by  Van  Groest  and  Dieman  in  1739  in  the  decomposition  of  water. 
Beccari,  about  the  middle  of  the  eighteenth  century,  obtained  metals 
from  oxides  through  which  the  spark  had  passed,  and  iu  1778  Priestly 
noted  the  production  of  an  acid  gas  when  the  electric  spark  was  passed 
through  ^r.  Similar  experiments  were  made  by  Cavendish  and  Van 
Manim  on  decomposed  ammonia.  It  is  not,  however,  nntil  after  the 
discovery  of  the  voltaic  cell  that  the  subject  of  electrolysis  really  begins. 
[  have  already  referred  to  the  discovery  of  Nicholson  and  Oarliale  in 
1800,  and  the  subsequent  work  of  Davy  and  of  Faraday.  The  peculiar 
phenomenon  of  the  appearance  of  separated  elements  only  at  the  end 
plates  in  the  electrolytic  cell  led  to  considerable  speculation,  and  was 
explained  by  Orothusson  the  soppoaition  that  the  molecules  separated 
into  two  part«,  one  positively  and, the  other  negatively  electrified,  and 
that  these  parts  formed  a  chain  between  the  plates  along  which  chem- 
ical action  traveled  by  a  continual  interchange  of  mates,  the  end  parts 
gmug  to  the  plates.    This  theory  was  held  for  many  years,  and  is  still 

I .,     L.Goot^lc 


'ii'ii'I  THE   l>BVEIX>PMErr  OP  ELECTSETAI,  SCIRSCX. 

Ui  liK  fiMiml  III  Hotno  text-bookK.  Fsnday^  track  is  by  far  die  noat 
vitl'iu)')«  f>r  t)i*«  (^urly  twutribatiuna  to  tbc  lol^eet.    He  gave  the  firf- 

IffWliitf  Ihwh: 

'I'liK  iiiiHfiiiit  »r  rbemicsl  deoompositioB  ia  deetntyaaH  is  pmportiaiai 
III  I  III!  i'iii'i'i<rit  mifl  tbe  time  of  its  actton. 

'I'liK  iiiitxH  of  nil  14)11  liberated  by  a  definite  iioaatity  <a  eleetrudty  is 
illli'i'tly  |irii)iorti<iiinl  to  itacbemical  eqah-aleot wof^t. 

't'lin  i|iiHiillly  »f  electricity  which  iarequindto  deeompose  acertaun 
iiilHiillif,  lit  Hii  cliitt I'lily te  la  equal  to  tbe  qouitity  whieh  woald  be  pn>- 
itiii'Kf)  by  ri'i-iiiiililiiliiK  tlie  neitarated  ions  in  a  battery. 

Tlii'MC  liiwH  lire  nil  ortlie  Kreat«Ht  importance,  and  tbe  last  <Hieeleajly 
|iiiIiiIhiiiiI  Milt  rnvnixtlitllty  of  tbe  electrical  procAaa.  Byforciag  acorreBt 
lliMMi|tli  MM  i>li>i'li'iily(e  ft  id decompoMd  and  tbe  matnal  potential  energy 

III   Mh iMjKMH'iilH  ciiiineqnently  increased.    By  allowing  tbe  compo- 

lii'lila  III  H'i'iiiiililiie  In  a  battery  the  mutual  potential  energy  ia  reduced 
Mini  A  i-Miioiil  III'  I'U-ctrlclty  is  tbe  resnlt.  An  excellent  illastratioD  o( 
lliitt  iii'lliMi  U  ixlilliltod  by  the  netnndary  battery. 

Ill  iHrrMlliiiiHliiH  irnve  h  theory  of  electrolysis  and  at  the  same  time 
M-t'li'iU'it  llio  wi'akiicRNon  uf  the  hypotheses  of  Orotbaas  and  others. 
I'liiiMliiN  iinaiiiiM'H  tliiit  tlie  iiiolecniea  ot  the  liquid  are  in  contlnoal 
itiiiKiMi]  Mint  iiii|ini'tH  rr«i[iieiitly  occar  which  produce  temporary  disso- 
■•liilliiii,  luiivliiit  iiliMiilc  tfi'imps  <iharge<I  witli  opposite  electricitieis  and 
Hull  (iMi'litu  llionc  Hi'|itirati<iiiH  luiy  illrective  agency,  such  as  an  elevtro- 
iMiillvi>  l)ii<-i>,  In  ablit  to  ciiUHu  a  motion  of  these  atoms  in  opttositt- 
ilili'i'lliitiH,  'I'liln  In  probably  the  first  indication  of  tbe  idea  of  tbe 
|iMii>l,v  illri'i'llve  ohunieter  uf  the  applied  electro-motive  force  taking 
ml  vim  I  lift"  of  dlnniH'laMoii  to  produce  chemical  separation. 

Till'  ont-rifv  sldn  of  the  problem  now  began  to  attract  attention,  and 
tlio  ili>vi'lo|iiiiont  of  whiit  may  be  calleil  the  thermodynamics  of  electro- 
I'lii'iiilMliy  lieKtui.  Among  the  most  promiueut  workers  in  this  fieJd 
liHVf  bi'i'n  Joule,  lleltnlioltz,  (Mbbs,  Kelvin,  Boscha,  and  Pavre. 

Ill  IKTh'l  llittorf  made  (piaiititative  determination  of  the  cbauge  of 
ciiiHii'iil ration  near  the  eleclrodet*  when  a  current  is  passed  through  a 
noliitlcnt.  This  work  is  of  historical  interest,  because  it  formed  praeti- 
ciilly  till!  xturtiiig  |M)fnt  for  wlmt  may  be  called  the  modern  view  of 
I'li'ctrolysis.  Ilittorf's  ex[>enmeiits  extended  over  several  years  and 
wrved  ]ira<;tically  to  establish  the  theory  of  the  migration  of  tbe  ions 
In  t)ie  solution.     llittorf  communicated  the  following  laws: 

The  change  in  concentration  due  to  current  is  determined  by  the 
motion  which  the  tons  have  in  tbe  unchanged  solution. 

The  nnlike  ions  mast  have  different  velocities  to  produce  such  change 
of  concentration. 

The  numbers  which  express  ionic  velocities  mean  the  relative  distance 
through  which  tbe  ioa«  move  between  '"cules,  or  express 

their  relative  velocities  in  rol'erence  to  I  change  in  oon- 

^entratioD  being  a  function  of  the  nOat:  s. 
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Hittorfs  analyses  enabled  biiti  to  give  numerical  Talaes  to  these 
relative  velocities.  The  experiments  of  Nernat,  Loeb,  and  others  have 
extended  Hittorfs  resalts,  and  have  shown  that  in  dilate  solotions  the 
relative  velocities  of  tbe  ions  are  independent  of  the  diftereooeof  poten- 
tial between  the  electrodes,  and  are  only  slightly,  if  at  all,  infloenoed 
by  temperature.  Hittorf  pointed  oat  that  a  knowledge  of  the  oondnc- 
tivity  of  electrolytes  sbonld  give  valuable  information  in  reference  to 
the  nature  of  electrolytic  action.  A  great  deal  of  work  has  been  done 
in  this  direction  by  Horsford,  Wiedemann,  Beetz,  the  Eoblraosche,  and 
others.  The  most  notable,  perhaps,  was  the  worlt  of  P.  Kohlrausch, 
who  devised  a  method  of  measurement  using  alternating  current,  by 
Thioh  results  of  high  accuracy  were  obtained.  Kohlraasoh's  results 
give  the  sum  of  the  ionic  velocities,  and  thus,  combined  with  the  results 
of  Hittorf  on  change  of  concentration,  which  gave  the  ratios,  the  abso 
Inte  velocity  can  be  obtained.  It  appears  from  these  results  that  the 
velocity  of  the  ion  in  very  dilute  solutions  depends  only  on  its  own 
oatnre  and  not  upon  the  nature  of  the  other  ions  with  which  it  may  be 
associated,  for  example,  the  velocity  of  the  chlorine  ion  is  the  same 
when  ilf  tennined  from  solutions  of  KCl,  NaCI,  or  HCl.  The  impor- 
tant general  law  has  also  been  found  that  tlie  conductivities  of  neu- 
tral !»dts  are  additively  made  up  of  two  values,  one  dependent  on  the 
po»«itive,  the  other  npon  the  negative  ion.  If,  then,  the  velocities  of  the 
ions  themselves  be  known,  the  conductivity  of  a  salt  maybe  calculated. 
The  results  of  Eohlrausch  received  strong  confirmation  from  some  very 
ingenious  experiments  by  Lodge  and  Whetliam,  in  which  the  migration 
of  the  ions  was  made  to  produce  a  change  of  color  in  the  solution,  and 
could  thus  be  directly  observed. 

In  1887  the  theory  was  advanced  by  Arrbenius  and  Ostwald  that 
dissociation  ia  directly  effected  by  solution  or  fusion  and  that  in  very 
dilut«  solutions  the  dissociation  is  practically  complete.  Arrhenius 
holds  that  the  ions  carry  charges  of  electricity,  positive  or  negative, 
dependent  npon  their  nature,  bnt  of  equal  quantity  in  every  ion.  The 
remaining  part  of  the  theory  is  similar  to  that  of  Ulansins  and  others. 
According  to  this  theory  the  ratio  of  electric  conductivities  for  different 
densities  of  solution  gives  a  measure  of  the  relative  dissociation  or 
ionization.  If  the  act  of  solution  effects  the  dissociation  necessary  to 
admit  of  electrolysis,  chemically  pure  substances  ought  not  to  be  decom- 
posed by  the  electric  current,  and  tliis  is  found  to  be  the  case.  It  is 
curious  that  two  substances  like  hydrochloric  acid  and  water,  which 
neparately  are  insulators,  should,  when  mixed,  conduct  readily,  and 
tbat  practically  only  one  of  them  should  be  decomposed.  This,  how- 
ever, is  only  one  of  the  many  problems  still  to  be  solved.  Another 
question  is  how  do  the  ions  obtain  their  electric  charget  Still  another, 
what  is  the  nature  of  the  force  which  causes  ionization  t  There  are 
lany  more. 
iVheu  we  turn  to  the  commercial  application  of  electro-chemistry  we 
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are  met  with  astonishing  evidence  of  activity.  Only  twenty  years  ago 
there  was  comparatively  little  evidence  of  the  importance  of  this 
branch  of  applied  electricity.  At  the  electrical  exhibition  in  London 
in  1881  electro-chemistry  was  apparently  of  comparatively  little  promi- 
nence. A  factory  which  conld  aDDoaUy  prodaoe  a  few  hundreds  of 
tousof  copper  electrolytjcally  was  considered  a  wonder.  The  produc- 
tion of  thonsands  of  tone  a  month  is  beginuiog  to  be  looked  apon  as 
commonplace.  There  is  scarcely  a  metal  which  can  not  be  deposited 
electrolytically  with  comparative  ease,  and  the  prices  of  some  of  the 
rarer  metals  is  going  down  rapidly.  Zinc  used  to  be  considered  a 
difBcult  metal  to  deposit  snccessfnliy.  It  is  now  produced  in  some  of 
the  Anstralian  mines  in  almost  a  pare  state  from  refractory  ores  at  the 
rate  of  thousands  of  tons  per  aDUum.  Similarly  the  old  method  of 
galvanizing  is  rapidly  disappearing  and  electro-deposition  is  taking  its 
place,  and  this  metal  is  now  so  deposited  on  the  hulls  of  ships,  on  anchors, 
and  other  smaller  articles,  cheaply  and  perfectly.  A  new  industry  has 
practically  nprung  np,  and  there  is  every  indication  that  the  technical 
chemist  of  the  near  future  will  bare  to  take  an  inferior  place  unless  he 
be  also  well  versed  in  electricity  and  electrical  appliances.  This  branch 
of  applied  science  is  revolutionizing  many  things.  It  has  within  a 
few  years  produced  an  enormous  improvement  in  our  magazine  illustra- 
tions, and  has  at  the  same  time  reduced  the  cost  of  this  kind  of  litera- 
ture and  of  atlases  and  charts  enormously.  Electro-chemistry  is  now 
ased  on  a  large  scale  for  theproductionof  chlorate  of  potash,  bleaching 
materials,  alkalies,  coloring  matters,  antiseptics  (Uke  iodoform),  aines- 
thetics  (like  chloroform),  etc.  In  fact,  it  is  getting  to  be  dlGBcult  even 
to  enumerate  the  manufactures  in  which  it  is  used.  It  has  revolntioD- 
ized  the  extraction  of  gold,  and  plants  of  enormoos  capacity  are  now  in 
ase  in  some  of  the  gold  fields,  the  poorest  ores  and  tailings  being  made 
to  yield  up  almost  the  last  trace  of  the  precions  metal.  The  production 
of  ozone  by  the  ton,  the  purification  of  sewage,  and  the  sterilization  of 
water  are  all  accomplished  facts. 

Some  progress  has  even  been  made  in  the  introduction  of  chemicals 
through  animal  tissue  by  electrolysis  or  cataphoresis,  and  Uontgen  has 
^hown  us  how  to  see  through  the  body. 

Then,  again,  we  have  got  the  electric  ibmace,  and  with  it  the  power 
to  fuse  almost  the  most  reft'actory  substances.  In  this  way  alnminum 
is  now  produced  at  a  few  cents  a  pound,  whereas  most  of  us  remember 
when  its  price  had  to  be  reckoned  in  hundreds  of  dollars.  In  a  similar 
way  phosphorus  is  now  produced  od  a  large  scale,  as  are  also  various 
carbides,  carborundum,  acetylene,  etc. 

It  is  impossible  to  look  back  over  the  history  of  electricity  and  its 
applications  and  notice  the  apparent  geometric  ratio  in  which  advances 
are  being  made,  and  not  to  speculate  on  what  a  giant  this  science  is 
going  to  become  in  another  quarter  of  a  century.  Undonbt«dly  no  one 
can  study  this  one  branch  of  science  withodt  being  persuaded  of  the 
gn'at  value  of  Bcientitlo  work  for  the  advancemeutof  human  enterprise. 


TELEGRAPHY  ACROSS  SPACE.' 


By  SiLVANUS  p.  Thompson,  F.  K.  8. 


Tbere  is  no  such  thing  as  wireless  telegraphy.  Trne,  one  can  send 
eignale  for  a  distance  of  a  yard  or  two  without  any  wires,  but  in  all  the 
xecent  successful  attempts  to  telegraph  across  space,  whether  by  elec- 
tric waves  or  by  other  means,  wires  are  ased.  They  do  not  iudeed  mn 
fh>m  the  sending  station  to  the  receiving  station,  but  are  nsed  as  base 
Hoes.  For  example,  in  the  case  of  the  longest  distance  yet  reached  in 
telegraphing  by  electric  waves — 13  miles  over  open  coantry — the  maxi- 
mum distance  obtained  in  the  recent  experiments  of  Professor  Slaby, 
the  length  of  the  wires  used  as  base  lines  at  each  end  was  nearly  1,000 
feet.  As  will  be  seen,  in  every  case,  wires  or  their  equivalent  are  used 
to  serve  either  as  base  lines  or  as  base  areas  in  the  transmission. 

Setting  aside  the  mediicval   myth  of  a  sympathetic  magnetic  tele- 
graph  with  two  mere   compass   needles  to  point  to  letters   ranged 
aronnd  a  dial,  tbere  are  three  generic  methods  by  which  it  has  been 
fonnd  possible  to  signal  across  space  without  any  directly  communicat- 
ing wire  or  cable.    These  may  be  conveniently  classified  as  follows: 
I.  Coodnction  methods. 
II.  Induction  methods. 
III.  Wave  methods. 

I. — COiroUCTIOK  METHODS. 

These  methods  depend  upon  the  use  of  water  or  earth  as  a  means  of 
cooductiog  a  faction  of  the  electric  current  from  the  base  line  at  the 
sending  end  to  the  base  line  at  the  receiving  end. 

From  the  earliest  days  of  telegraphy  it  has  been  a  familiar  fact  that 
either  earth  or  water  might  serve  as  a  retorn  circuit  for  an  electric 
corrent;  and,  under  certain  circumstauces,  that  signals  could  be  sent 
even  with  an. absolute  gap  in  the  metallic  line,  if  there  were  provided, 
by  means  of  earth  or  water,  a  sufficiently  good  path  to  enable  current 
in  adequate  amount  to  be  received  beyond  the  gap  in  the  line.  This 
method  has  sometimes  been  called  the  lealiage  method,  since  itdepends 
upon  the  circumstance  that  electric  carrente  flowing  in  a  conducting 


'  From  JouiDol  of  the  Sooietj  of  Atta,  V«l.  XLVJ,  London,  1898,  pp.  453-160. 
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medinm,  sach  as  water  or  moist  earth,  do  not  flow  excInsiTely  or  evBn 
mainly  along  the  path  of  least  resiatance,  but  spread  out,  some  flowing^ 
along  paths  of  greater  resistance.  If  carreut  enters  a  condacting 
stratum  at  any  point  by  a  single  electrode,  A,  and  leaves  it  at  some 
othur  point  by  another  suitable  electrode,  B,  some  of  the  current  will 
certainly  tlow  straight  from  AtoB;  yet  the  greater  part  will  not  so  don-, 
bat  will  stream  around  from  A  to  B  in  long  curving  paths.  If  then, 
two  other  electrodes,  O  and  D,  are  inserted  in  one  of  these  stream  patbs 
at  a  distance  from  A  to  B,  some  of  the  cnrrent,  perhaps  only  a  small 
percentage  of  it,  may  be  picked  up  by  a  metallic  line  joining  C  to  D. 
Hence  it  is  possible,  using  A  B  as  a  sending  base  line,  to  signal  to  G 
D  as  a  receiving  base  line  at  a  distant  place.  The  only  limits  to  this 
method  of  telegraphy  across  space  are  (1)  the  strength  of  the  origiual 
currents  used  in  the  (tending  base  line  A  B ;  (3)  the  sensitiveness  of  the 
apparatus  ased  in  the  receiving  base  line  CD;  (3)  the  ratio  between 
the  space  distance  from  A  B  to  C  D  and  the  lengths  of  the  two  base 
lines.  This  system  of  telegraphing  across  space  has  been  proposed- at 
various  times.  It  has  been  nsed  by  Mr.  Preece  in  several  of  those 
many  experiments  wliich  he  has  made  from  time  to  time,  and  which 
will  entitle  liim  to  be  regarded  as  one  of  the  foremost  pioneers  in  this 
entire  braiuili  of  telegraphic  enterprise. 

Morse  himself,  as  recorded  in  Tail's  early  work  on  telegraphy, 
worked  at  this  subject  and  made  experiments  in  1812  on  the  Sasqae- 
baona  River,  about  a  mile  wide.  He  engaged  Professor  Oale  to 
investigate  the  best  conditions,  and  came  to  the  conclusion  that  the 
base  lines  should  be  three  times  as  long  as  the  distance  to  be  crossed. 
Mr.  Dering,  an  English  telegraph  engineer,  and  Mr.  Lindsay,  of 
Dundee,  have  also  worked  in  this  direction. 

After  the  introduction,  in  1877-78,  of  the  Bell  telephone,  it  was  found 
that  the  extraordinary  sensitiveness  of  that  instrument  furnished  a 
new  means  of  picking  up  currents  that  would  otherwise  be  too  feeble 
to  produce  intelligible  signals.  The  importance  of  this  circnmstaiice 
in  extending  the  possibilities  of  distance  telegraphy  was  not  lost  upon 
Mr.  Preece.  In  1882  he  conducted  a  series  of  researches  npou  the 
establishment  of  telegraphic  communication  between  the  Isle  of  Wight 
and  the  Hampshire  coast  wjtbont  any  connecting  cable  across  the 
Solent.  An  account  of  these  experiments  will  be  fonnd  in  the  report 
of  the  British  Association  for  that  year.  Large  metal  plates,  to  serve 
as  electrodes,  were  immersed  in  the  sea  at  the  ends  of  the  two  base 
lines.  On  tbe  Hampshire  coast  the  base  line  extended  irom  Ports- 
month  through  Sonthamptou  to  Hurst  Castle,  a  length  of  20  miles. 
On  the  island  the  base  line  extended  fVom  Byde  through  Newport  to 
Sconce  Point,  and  was  about  16  miles  long.  From  Portsmouth  to 
Byde  tbe  breadth  of  the  sea  is  6  miles,  while  Hurst  Oastle  is  only 
abont  a  mile  frvm  Sconce  Point.  Hence,  in  this  case,  the  lenj^tb  of  the 
^ase  lines  considerably  exceeded  the  average  distance  to  be  crossed. 
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With  tbis  arrangement  signals  were  passed  in  dot  and  dash  which 
coald  he  read  on  the  Morse  system  with  ease,  bat  telephoDio  speech 
was  not  feasible.  After  many  other  experiments  to  be  mentioned  under 
the  next  heading,  Mr,  Preece  estahliBhed  communication,  in  the  winter 
of  189S-94,  across  the  Eilbrannen  Soand  between  the  Isle  of  Arran  and 
Kintyre,  a  distance  of  over  4  miles.  He  also  maintained  telephonic 
speech  across  Loch  Ness,  a  distance  of  IJ  miles. 

In  tbe  experiments  from  Arran  to  Kintyre,  parallel  wires  about  3 
miles  long  were  used  as  base  lines  along  the  coast,  while  in  some  of 
the  experiments  two  other  base  lines  were  used,  being  insulated  wires 
laid  along  each  coast  at  a  height  about  600  feet  above  the  sea  level. 
A  detailed  account  of  these  experiments  will  be  found  in  the  report  of 
tbe  British  Association  for  1891,  and  is  also  given  in  Tbe  Electrician, 
Vol.  XXXIII,  Angust  17,  1891. 

A  year  earlier  Mr.  Preece  had  made  some  striking  experiments  in  tbe 
Bristol  Channel  between  Lavemock  Point  on  the  Sooth  Wales  coast 
and  the  islands  of  the  Flat  Holm  and  the  Steep  Holm,  the  distances  of 
which  are  res^fectively  3.1  and  5.35  miles.  His  base  line  on  the  shore 
at  Lavemock  Point  was  a  pair  of  copper  wires,  weighing  400  pounds 
per  mile,  suspended  on  poles  for  a  length  of  1,267  yards,  their  otrcntt 
being  completed  tbrough  earth.  An  alternatiitg  current  was  sent  into 
this  base  line  by  an  alternator  worked  by  a  2-hor8e  power  steam  engine, 
tlie  voltage  being  150  volts,  the  frequency  192  periods  per  second,  and 
the  current  (maximnm)  15  aniptires.  These  alternations  were  broken 
np  into  dots  and  dashes  by  use  of  a  Morse  key.  The  signals  were  read 
on  a  pair  of  receiving  telephones  inserted  in  the  distant  base  line, 
which,  in  each  case,  ran  across  tbe  island  and  dip]>ed  into  the  sea. 
The  length  of  these  is  not  Btate<l.  Mr,  Preece  received  messages  easily 
over  the  3  miles  separating  the  mainland  from  the  Flat  Holm,  bat  with 
3teepHolin'>.35iiiilesaway,  though  the  signals  were  feebly  perceptible, 
telegraphic  conversation  was  impracticable,  as  the  sound  could  not  be 
differentiated  into  dots  and  dashes.  Mr.  Preece  came  to  the  conclusioD 
that  with  two  base  lines,  each  10  miles  long,  he  could  with  ease  signal 
across  a  distance  of  10  mfles. 

Professor  TrowbHdge,of  Harvard,  has  also  investigated  the  possibility 
of  transmitting  signals  tbrough  the  earth  by  conduction,  using  a  rapidly 
interrupted  primary  current  and  a  telephonic  receiving  apparatus. 

Many  experiments  have  been  made  under  accidental  circumstances, 
all  tending  to  prove  the  possibility  of  this  mode  of  transmitting  signals 
through  the  earth  itself.  The  instruments  in  Greenwich  Observatory 
are  affected  by  the  stray  currents  that  escape  into  the  earth  tVom  the 
badly  insulated  return  circuit  of  the  City  and  Bouth  London  Electric 
Railway,  Ij  miles  away.  Another  example  is  afforded  by  an  accident 
which  occurred  some  ten  years  since  at  the  Ferranti  electric  lighting 
station  at  Deptford,  when  one  night  one  of  the  dynamos  by  some 
derangement  became  connected  to  earth.    The  whole  of  the  railway 
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telegraphB  in  the  signal  twxea  of  the  railways  in  Soath  London  irere 
temporarily  put  ont  of  order  and  rendered  inoperative,  while  the 
corrent8  Sowing  in  the  earth  were  perceived  in  the  telegraph  instm- 
ments  so  far  northward  as  Leicester  and  so  fat  south  as  in  Paris.  If 
this  conld  occar  as  a  mere  accident,  It  is  obvious  that,  with  properly 
thought  out  arrangements,  signals  conld  easily  be  sent  from  one  part 
of  the  globe  to  another  by  condactioa  tbrongb  earth  or  water. 

Most  striking  of  all  the  cases  of  distance  signaling  by  conductive 
methods  ia  that  presented  by  the  traitsmiasion  of  signals  over  nearly  3 
miles,  which  was  carried  ont  in  189'!  by  Dr.  W.  Bathenau,  Mr.  E. 
Rathenau,  and  Professor  Bnbens.  They  selected  as  a  suitable  place  for 
operations  the  open  water  of  the  Wannsee,  which  opens  into  the  Havel, 
neiir  Potsdam.  Here  at  the  south  end,  near  the  Friedrich  WilhelmB- 
briicke,  they  immersed  two  metal  electrodea,  each  having  aboot  15 
square  meters  of  surface,  at  the  two  ends  of  a  base  line  about  560  feet 
long.  With  76  aocumalators  and  a  rotating  interrupter,  giving  about 
151)  onrrents  per  second,  and  a  Morse  key  they  injected  signals  into 
the  base  line.  At  a  distance  of  ii  kilometers,  or  nearly  3  miles 
across  the  water,  near  the  shore  at  Neu  Gladow,  they  set  up  the 
secondary  base  line,  having  electrodes  of  abont  4  square  meters  each. 
These  were  bang  in  the  water  i^m  two  boats  between  which  the 
connecting  line,  about  330  feet  long,  was  stretched.  In  this  line  was 
inserted  a  telephone  receiver  of  usual  pattern.  The  cnrrent  used  was 
ubont  3  amperes,  and  there  was  not  the  slightest  difficulty  in  bearing 
the  dot-and-dash  messages.  Several  situations  for  the  receiving  base 
line  were  tried;  it  appeared  that  the  interposition  of  a  large  sand  bank 
lietween  the  two  stations  made  very  little  difference. 

IT.— INDUnTION  METHODS. 

IndactioD  methods  are  of  two  varieties.  Ad  electric  charge  upon  a 
coiidnctor  may  induce  another  electric  charge  at  a  distance  by  iullnence, 
or  electrostatic  indnctioo.  An  electric  current  in  a  wire,  during  such 
time  as  it  is  increasing  or  diminishing,  may  induce  another  electric 
current  in  another  wire  in  its  neighborhood  by  electromagnetic 
induction. 

So  far  as  I  am  aware,  the  only  case  in  which  electrostatic  induction 
has  been  used  in  electric  signaling  is  that  of  telegraphing  (or  telephoning) 
to  trains  in  motion,  as  soggested  about  thirteen  years  ago  by  Mr. 
Wiley  Smith,  of  Kansas  City.  If  a  wire  suspended  over  a  train  is 
electrified,  either  positively  or  negatively,  charges  are  induced  U|)on 
the  metallic  roofs  of  the  cars,  and  if  these  are  suitably  connected  to 
iustmments  on  hoard  the  train,  signals  may  be  exchanged  between 
train  and  wire  without  any  metallic  connection  between  the  two.  This 
snggestioii  was  further  developed  about  the  year  1886  by  Mr.  Phelpe 
and  by  Messrs.  Gilliland  and  Edison.  Descriptious  of  their  methods 
will  be  found  in  the  American  electrical  journals  of  that  date.    The 
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system  was  sncceasful  botfa  for  telegraphing  uad  telephoning,  and  was 
indeed  adopted  for  a  time  by  the  Lehigh  Yalley  Railroad  Company. 
But  it  has  been  abandoned  for  a  very  simple  reason.  One  of  the 
consotatioDS  of  railway  traveling  Is  that  one  ia  free  f^m  being  disturbed 
by  telegraph  or  telephone.  No  one  on  board  an  express  wants  to 
telegraph  or  to  be  telegraphed  to. 

Electromagnetic  induction  has  played  so  an  important  a  part  in  dis- 
tance telegraphy  that  it  must  receive  a  more  extended  notice.  Very 
early  after  the  introduction  of  the  commercial  telephone,  troubles  arose 
firom  the  exceeding  sensitiveness  of  the  instrument.  Conversations  in 
one  line  were  overheard  in  another;  while  the  ear  was  disturbed  by  an 
incessant  buzz,  or  rattle,  ih>m  the  interference  of  stray  currents  from 
neighboring  telegraph  lines.  All  these  were  at  first  attributed  to  in- 
duction ;  that  is  to  say,  to  the  electro-magnetic  influence  of  the  currents 
in  one  line  upon  the  neighboring  line.  No  doubt,  in  some  cases,  this  is 
a  cause;  but  unquestionably,  in  many  of  the  cases,  the  distarbance 
was  due  not  to  induction  at  all,  bat  either  to  leakageof  currents  across 
the  surfaces  of  the  insulating  supports,  over  films  of  dirt  or  moisture,  or 
else  to  leakage  of  currents  from  one  line  into  the  other  throngh  the 
earth  plates  or  earth  connections.  Unless  cimatts  with  metallic  returns 
are  used,  it  is  certain  that  the  earth  return  will  afford  a  means  for 
Mtray  currents  to  find  their  way  into  the  telephone  lines.  Mr.  Preece 
lias  narrated  many  cases  in  which  telegraph  or  telephone  messages 
that  are  being  transmitted  along  some  line  have  been  heard,  or  rather 
overheard,  in  telephonic  instruments  in  some  totally  disconnected  and 
distant  line.  Many  of  these  are  due  doubtless  to  stray  cnrrents 
through  earth;  but  some  are  unquestionably  due  to  tme  iiidaction. 
A  line  or  circuit  absolutely  insulated  fh>m  any  earth  contact  or  earth 
return  may  yet  act  indoetivety.  During  the  brief  instant  while  the 
current  in  it  is  growing,  that  current  is  setting  up  a  magnetic  field  in 
the  surrounding  region,  extending  indefinitely,  but  feebly,  into  space. 
As  the  current  dies  away  again,  this  magnetic  field  also  dies  away.  If 
in  its  growth  or  decrease,  this  magnetic  field  encounters  other  wires, 
it  sets  up  electro-motive  forces  in  them,  and  thus  originates  disturb- 
ances. For  the  propagation  of  this  eflect  from  wire  to  wire  no  contact 
is  needed.  It  is  an  effect  that  is  dependent  upon  the  properties  of  the 
intervening  medium,  and  is  proj>ortional  to  its  magnetic  permeability. 
The  ether  of  space  itself,  air,  water,  soil,  and  rock,  all  are  of  about 
equal  permeability.  Bence  this  kind  of  induction  may  be  propagated 
Croni  circuit  to  circuit,  whatever  natural  material  intervenes.  Mr. 
Preece  has  made  repeated  researches  with  the  view  of  utilizing  this 
effect  for  the  purpose  of  distance  telegraphy.  He  has  erected  parallel 
base  lines,  sometimes  in  South  Wales,  sometimes  near  the  mouth  of 
the  Dee,  sometimes  in  Scotland.  He  has  laid  out,  flat  on  the  ground, 
great  squares  of  insulated  wire,  to  test  the  inductive  transmission  from 
one  area  to  another.     On  Newcastle  town  moor,  and  on  the  sands  at 
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Penarth,  be  has  tbas  operated.  It  ia  not  always  easy  iu  fais  experi- 
ineDts,  particularly  in  tboee  wbere  eartb  connections  were  used,  to  be 
certain  bow  inucb  of  tbe  effect  was  dae  to  trae  iodnctioD,  and  how 
roncb  to  earth  iudactioo.  Bat  in  some  of  tbe  cases  there  can  be  no 
doabt  whatever.  An  excellent  r^sam^  of  this  work  was  giv^i  by  him 
at  tbe  Chicago  congress  in  1893.  In  this  be  describes  how,  in  one 
series  of  ezperimeuts,  he  laid  out  on  a  level  plain  two  one-fotirth-iiiile 
sqnares  of  copper  wire  insulated  with  gatta-percba,  tbe  distance  betweeu 
the  two  nearest  sides  of  tbe  two  squares  being  also  a  quarter  of  a  mile. 
In  this  case,  using  rapidly  interrupted  or  vibratory  currents,  aud  a 
Morse  key  to  break  them  up  into  Morse  signals,  and  applying  in  the 
other  circuit  a  receiving  telephone,  conversation  iu  the  Morse  code 
could  be  held  readily  between  the  two  operators.  This  arrangement 
precluded  all  idea  of  earth  induction.  In  effect,  Mr.  Preeoe  was  work- 
ing with  a  strange  si>eciea  of  transformer,  of  which  his  two  squares 
constituted  respectively  the  "primary"  and  the  "secondary,"  the 
"core"  of  the  transformer  being  iu  this  case  partly  of  earth  and  partly 
of  air.  Mr.  A.  W.  Heaviside  has  described  an  analogous  case  in  which, 
wishing  to  establish  telephonic  commanication  to  tbe  bottom  of  a 
colliery  in  the  north  of  England,  he  arranged  a  circuit  in  a  triangnlaj' 
form  along  galleries  abont  2^  miles  in  total  length,  at.  a  depth  of  60 
fiftthoms.  On  tbe  surface  of  the  colliery  another  circuit  was  laid  ont  in 
triangular  lines  of  equal  size,  over  and  parallel  to  the  andergioan<l 
line.  Here,  again,  telephonic  speech  was  perfectly  clear  by  indnctiou 
from  line  to  line,  or  rather,  in  this  case,  from  area  to  area.  Bach  area 
inclosed  something  like  700,000  square  yards,  au  ample  base  area  when 
the  distance  to  be  penetrated  was  but  120  yards. 

Earlier  than  the  date  of  either  of  these  experiments,  the  late  Mr, 
Willoughby  Smith  bad  shown  how,  using  two  coiled  circoits  of  wire  at 
a  distance  of  Rome  yards  apart,  telephonic  messages  could  be  sent 
across  air,  or  even  through  walls  and  floors. 

The  greatest  distance  to  which  Mr.  Preece's  experiments  npou  tele- 
graph lines  have  been  carried  is  40  miles,  namely,  between  the  tele- 
graphic lines  that  run  across  the  Scottish  border  by  the  east  and  west 
coasts  respectively.  Sonods  produced  in  tbe  Newcastle  and  Jedbarg 
line  were  distinctly  heard  on  the  parallel  line  at  Gretna,  thongh  there 
was  no  line  connecting  the  two  places.  Here,  however,  since  both 
lines  used  earth  returns,  it  is  probable  that  most  of  the  effect  was  due 
to  conduction,  not  to  true  indnction. 

Instruments  which  operate  by  means  of  alternating  currents  of  high 
frequency,  like  Mr.  Langdou-Davies's  phonophore,  are  peculiarly  liable 
to  set  up  disturbance  in  other  circuits.  A  single  phonophore  circnit 
can  be  heard  in  lines  a  hundred  miles  away.  When  this  first  came  to 
my  notice  it  impressed  me  greatly;  and,  coupled  in  my  mind  with  the 
Ferranti  incident,  mentioned  above,  caused  me  to  offer  to  one  of  my 
'\uaucial  ftiends  in  the  city,  some  eight  years  ago,  to  undertake  seri- 
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oasly  to  establish  telegraphic  communication  with  the  Cape,  provided 
£10,000  were  fbrthcomiDg  to  establish  the  necessary  basal  circuits  in 
the  two  conntries,  and  the  instroments  for  creating  the  currents.  Hy 
offer  was  deemed  too  viaioosry  for  acceptance.  The  thing,  however, 
is  qaite  feasible.  The  one  thing  necessary  is  the  adequate  base  lines 
ot  areas.    All  the  rest  is  detail. 

One  must  not  close  this  section  without  reverting  to  a  most  pregnant 
point  of  advance  made  about  1888  or  1889  by  Dr.  Oliver  Lodge.  When 
experimenting  npou  the  oscillatory  discharge  he  conceived  the  happy 
ideaof  turning  two  circuits  into  resonance;  or,a8  he  termed  it,"syn- 
tony  "  with  one  another,  in  such  a  way  that  when  au  oscillating  electric 
spark  occurred  in  one  of  the  circuits  the  inductive  effect  on  the 
other  immediately  set  np  in  it  electric  oscillations  which  manifested 
themeelvee  by  an  overflow  spark.  I  call  this  experiment  pregnant, 
because  it  affords  a  bint  of  another  possibility,  namely,  that  of  sig- 
naling inductively  Irom  one  area  to  another,  and  using  around  those 
areas  uot  merely  circuits  of  wires,  but  syntonic  circuits,  which,  there- 
fore, are  oecessarily  much  more  sensitive  in  their  response  one  to  the 
other.  3ome  of  Tesla^s  high-frequency  experiments  also  bave  an 
obvioos  bearing  on  this  point, 

111. — BLBCTBIC   WAVB  HBTHOD8. 

After  Olerk-Maxwell  bad  predicted  the  existence  of  electro-maguetac 
waves,  and  had  shown  that  their  speed  of  propagation  is  identical  with 
that  of  light,  it  required  in  reality  very  little  to  demonstrate  by  experi- 
ment the  existence  of  sach  waves.  But  that  very  little  was  not  actually 
achieved  until  the  year  1888,  when  the  lamented  Prof.  Heiurich  Hertz 
showed  simple  methods  of  producing,  detecting,  and  measuring  these 
waves.  It  had  been  known  for  many  years  from  the  predictions  of 
Eelviu  and  von  Helmhottz,  and  confirmed  by  the  esperiments  of  Fed- 
dersseu,  that  In  many  cases  an  electric  discharge  is  of  an  oscillatory 
character.  In  the  years  1887-88  Lodge,  Fitzgerald,  and  others  were 
investigating  the  natnre  of  these  oscillations  and  the  manner  in  which 
they  are  gnided  by  cooduoting  wires,  when  Hertz  conceived  the  idea  of 
investigating  the  diaturbauces  which  such  oscillatory  discharges  set 
np  in  the  sttrroundiug  space.  He  showed  that,  given  a  simple  appa- 
ratus, wfaioh  be  called  an  "  oscillator,"  couststing  of  two  metal  plates 
or  oonductors,  connected  by  a  conductor  interrupted  at  one  interme- 
diate point  by  a  "  spark-gap,"  the  oscillator  on  the  appearance  of  each 
spark  emitted  a  train  of  electric  waves  into  the  surrounding  space. 
He  further  showed  that  if  a  mere  circuit  or  ring  of  wire  of  snitable 
size,  the  continuity  of  which  is  interrupted  at  one  point  by  a  minnte 
gap,  is  placed  in  the  path  of  these  traveling  waves  in  a  suitable  posi- 
tion, the  waves  as  they  reach  it  set  up  electric  snrgings  in  this  wire; 
and,  if  sufficiently  energetic,  cause  it  to  show  a  small  spark  in  the  gap. 
This  simple  detecting  device  he  termed  a  "  resonator."  Armed  with 
8M  08 16  I 
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these  apparently  primitive  pieces  of  apparatas,  be  tfaea  devoted  bitDself 
to  the  task  of  exploring  the  propagation  of  the  vaves.  He  found  that, 
like  Tares  of  tight,  they  could  be  deflected  by  metallic  gurfaces,  ooald 
be  lefracted  by  prisniB,  concentrated  by  lenseB,  and  even  oonld  be 
polarized.  He  toeasared  their  wave  length  and  velocity  of  propaga- 
tion. He  found  that  they  conld  pass  readily  through  walls  of  wood, 
stone,  or  brick,  which  are  opaqne  to  ordinary  light  waves.  Metali> 
and  other  conductors  of  dectricity,  on  the  contrary,  absorbed  them, 
and  were  consequentiy  opaque. 

In  these  researches  of  Hertz  we  meet,  for  the  first  time, '  with  the  rec- 
ognitioD  of  a  true  traveling  wave.  With  this  immense  disoovery,  thrav 
was  opened  out  an  entirely  new  field  of  possibilities.  Hitherto,  there 
had  been  inductive  actions  known  which  might  reach  oat  finm  wire  to 
wire  only  to  fall  back  agaiu  when  their  excitAut  cause  dies  away.  Bat 
now  the  electric  wave,  once  started  on  its  path,  did  not  collapse  back 
into  the  wires  when  the  spark  ceased.  On  the  contrary,  it  went  trav- 
eling on.  And  just  as  the  javelin,  which  can  travel  on  after  the 
impulse  hae  ceased,  can  act  at  greater  range  than  the  sword,  whose 
thrust  is  limited  by  the  length  of  arm  and  blade,  so  the  true  electric 
wave,  by  the  very  fact  that  it  is  a  true  traveling  wave,  can  carry  sig- 
nals to  greater  distances  than  the  mere  inductive  influence  that  simply 
extends  outwards  from  a  wire  or  &om  a  coil. 

The  work  which  Hertz  had  begun,  was,  after  his  death,  carried  on 
by  a  whole  army  of  investigators.  Of  these,  and  of  their  achievements, 
the  best  account  that  has  yet  appeared  is  Professor  Lodge's  little  book 
on  The  Work  of  Hertz  and  his  Successors.  To  that  book  inquiries 
moat  be  recommended  for  details.  Suffice  it  here  to  say  that  much  has 
been  done  in  ])erfectiog  both  the  oscillator  and  the  detector.  Kotable 
among  these  matters  have  been  the  forms  of  oscillator  designed  by 
Lodge  and  by  Bighi ;  the  latter  having  the  spark  gap  immersed  in  oil 
or  vaseline  between  two  metal  balls.  Many  forms  of  detector  have 
been  proposed.  Very  early  Lodge  produced  one  under  the  name  of 
"coherer,"  coDaisting  of  a  metallic  point  very  lightly  pressed  against  a 
metal  plate,  and  connected  in  circuit  with  a  galvanometer  and  a  local 
cell.  The  light  contact  constitutes  an  imi>erfect  joint,  which  is  prac- 
tically nonconductive  until  caused  to  cohere  and  conduct  by  the 
impact  of  an  electric  wave;  or,  ]>erhap8  more  accurately,  by  the  stima- 
lus  of  the  minute  surging  electric  currout  which  results  from  the  impact 
of  an  electric  wave.  Subsequently,  taking  a  hint  frova  M.  Branly, 
Lodge  substituted  as  a  detector  a  new  kind  of  coherer,  consisting  of  a 

I  Mony  years  before,  Prof.  Joseph  Henry  liod  transmitted  iDdnced  eleottio  apuke 
bom  one  oircalt  to  another  in  dilTerent  floors  of  a  building.  Doubtless  these  wen 
osoillntory;  botit  is  impossible,  at  this  time,  to  det«nuJDU  whether  the  arruig«- 
meDts  '  ^«  produce  true  traveliiij;  waves,  or  whether  the  actiou  was  {like 

Lodgr  ^ot  of  the  two  syntonic  oircuits)  meruly  one  of  eleotro-magnetia 
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small  glass  tabe  partly  filled  with  louse  metallic  flIiDgs — iron  or  nickel 
by  preference— joioed  in  the  circnit.  Such  a  coherer  acts  as  a  species 
of  relay,  by  means  of  which  an  eleatric  wave,  incapable  in  itself  of 
aSocting  a  galvanometer  or  other  instmment,  is  enabled  to  do  so  indi- 
rectly by  setting  into  operation  a  local  carrent.  After  the  coherer  has 
thus  operated,  it  naually  remains  in  the  condnctive  state  antil  subjected 
to  some  mechanical  jar  or  shock.  Lodge  proposed  to  apply  for  this 
jinrpose  a  mechanical  tai>er  worked  either  by  clockwork  or  by  a  tremb- 
ling electric  mechanism.  On  several  tKM;asions,  and  notably  at  Oxford, 
in  1894,  he  showed  how  such  coherers  could  be  used  in  b^nsmitting 
telegraphic  signals  to  a  distance.  He  showed  that  they  would  work 
through  solid  walls.  Lodge's  greatest  distance  at  that  time  had  not 
exceeded  some  100  or  150  yards.  Communication  was  thns  made 
between  the  University  Mosenm  and  the  adjacent  building  of  the  Clar- 
endon Laboratory.  For  more  than  eighteen  months  the  Bev.  F. 
Jervis  Smith,  of  Oxford,  using  a  carbon-powder  coherer,  has  maintained 
communication  between  his  house  and  the  Millanl  Engineering  Labora- 
tory, over  a  mile  away. 

Even  before  this  Mr.  yikola  Testa,  in  a  lecture  delivered  at  St.  Tioais 
in  1893,  had  made  a  further  suggestion  of  great  importance.  He 
proposed  to  transmit  electric  energy  by  oscillations  to  any  distance, 
without  communicating  wires,  by  erecting  at  each  end  of  the  stretch  a 
vertical  conductor  joined  at  its  lower  part  to  the  earth,  and  at  its  upper 
to  a  conducting  body  of  a  large  surface.  This  constitutes  a  vertical 
biiso  line  fh>m  which  to  disseminate  the  oscillating  disturbances. 

About  two  years  ago  a  young  Italian,  Mr.  Marconi,  came  to  this 
country  and  succeeded  in  inducing  the  Britietli  telegraph  department 
to  give  him  facilities  for  experimenting  upon  wave-method  of  trans- 
mission. First  upon  Salisbury  Plain,  and  tlien  across  the  Bristol 
Channel,  he  succeeded  in  transmitting  Morse  signals  to  a  greater 
distance  than  anyone  had  previously  attAinetl.  He  sent  signals  from 
Lavemoek  Point  to  Bream  Down— about  !l  miles,  aa  the  crow  flies,  over 
the  open  channel.  To  accomplish  this  he  used  as  base  lines  two  ver- 
tical conductors  earthed  at  their  lower  ends  and  carrying  at  the  top 
extended  surfaces.  He  used  a  Rigbi  transmitter.  As  receiver  he 
employed  the  special  form  of  Lodge-Branly  coherer,  presently  to  be 
described.  This  was  connected  in  the  manner  Lodge  had  recommended 
in  a  local  circnit,  and  was  tapped  by  a  mechanical  tapper  operated  by 
ii  vibrating  electric  mechanism.  The  local  circuit  operated  a  post-office 
relay  connected  to  a  Morse  instrument  signaling  the  dots  and  dashes. 
The  coherer  was  itself  included  in  the  vertical  base  line.  So  for  all  is 
old.  The  special  coherer  used  in  these  experiments  by  Marconi  has 
verj-  fine  metellic  powder,  cliieHy  of  nickel  and  silver,  in  a  small  glass 
tnbe  exhausted  of  air.  He  also  applied  shunting  resistances  to  the 
relay  contacts,  and  interposed  a  fine  iron  wire,  closely  coiled,  as  an 
impedance  in  the  local  circuit  on  each  side  of  the  coherer. 
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Iti  1897,  some  furtfaer  experimeots  were  carried  on  by  ProfesscM- 
Slaby,  of  Charlotteiibarg,  ou  an  even  larger  scale.  He  abandoned 
every  oue  of  the  novelties  introduced  by  Marconi,  and  fell  back  upon 
the  methods  previonsly  knowD.  He  used  a  simple  Lodge-Branly 
coherer,  employed  elevated  coudnctors  as  base  lines,  discarded  the 
useless  little  iron  wire  i'uipedanee  coils  id  the  local  circuit,  and  sabeti- 
tnted  for  the  post-office  polarized  relay  one  made  ont  of  a  Weston 
galvanometer.  His  success  shows  that  all  that  is  essential  can  be  tbus 
attained.  He  chose  as  the  scene  of  his  operations  the  Havel,  and  set 
np  elevated  conductors  upon  the  castle  of  the  Pfaneninsel  and  on  the 
campanile  of  tbe  cbnrch  at  Sacrow.  Thus  equipped,  he  transmitted 
signals,  at  first  about  three-quarters  of  a  mile,  then  3  miles  across  the 
water.  He  found  trees  and  maste  to  interfere  with  the  signals  in  some 
degree.  He  then  proceeded,  with  the  aid  of  the  military  authorities, 
to  experiment  over  an  open  stretch  of  oountry — from  Itangsdorf  to 
Scbnneuberg.  The  elevated  conductors  were  wires  raised  by  means  of 
hydrogen  balloons  to  heights  of  nearly  1,000  feet.  Signals  were 
obtained  at  a  distance  of  21  kilometers,  or  over  13  miles.  Neither  in 
Marconi's  nor  iu  Slaby's  successful  operations  were  syntonic  devices 
employed. 

The  following  table  summarizes  the  reatUts  of  Harconi's  and  Slaby's 
work: 
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Commenting  on  these  results,  Slaby  notes  how  over  an  open  sea  a 
much  greater  distance  appears  to  be  attained  from  a  base  line  of  given 
length.  Assaraing  Marooni's  best  proportiou,  be  calculates  the  vertical 
length  of  a  base  line  needed  for  communicating  across  the  English 
Channel  at  Dover  to  be  265  feet,  while  from  London  to  Paris,  over  land 
and  sea,  would  require  4,700  feet.  He  even  estimates  base  lines  of 
6,600  feet  as  sufficient,  were  it  not  for  the  curvature  of  the  globe,  to 
serve  foT  communication  across  tbe  Atlantic. 

The  most  recent  improvements  made  toward  perfecting  this  method 
of  transmission  are  tboseof  Dr.  Oliver  Lodge,  whose  labors,  coutiiiued 
daring  the  past  few  months,  are  still  iu  progress.  He  has  first 
reorganized  the  transmitter  apparatus  so  as  to  make  it  a  more 
persistent  radiator.  It  emits  longer  trains  of  waves.  This  has  been 
accomplished  by  introducing  in  the  path  of  the  oscillations,  between 
the  spark-gap  an*'  *' i-igs,  a  few  turns  of  stout  wire  to  act  as  aa 
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impedaoce  coil.  By  this  means  th«  oscillations  can  be  accurately 
tnned.  The  receiving  apparatus  is  also  taned ;  io  fact,  each  apparatos 
is  made  to  operate  both  as  emitter  utd  as  receiver  in  tarn,  as  required. 
Lodge  has  also  modified  the  arrangements  of  the  coherer  ciroaits,  to 
render  them  more  certain  of  operation,  no  local  corrent  being  allowed 
to  pass  through  the  coherer  nntil  after  it  bad  been  affected  by  the 
waves.  He  has,  in  fact,  thoroughly  redesigned  the  sending  and 
receiving  instrnments  upon  a  rational  basis,  so  that  they  shall  be  both 
less  sensitive  to  stray  impulses  and  more  sensitive  to  properly  attaned 
waves.  The  reentts  obtained  with  these  have  not  yet  been  made  public; 
bnt  employiug  a  siphon  recorder  as  the  receiving  instrament,ren]arkable 
precision  of  signaling  has  been  attained.  Further  developments  in  this 
direction  will  doubtless  be  await«d  with  much  interest.  Meantime,  in 
other  coQDtries,  the  United  States,  Russia,  and  France,  other  experi- 
menters are  at  work.  Any  accoont  given  at  the  present  time  will 
therefore  be  necessarily  incomplete. 

In  passing  Anally  &om  a  review  of  that  which  has  already  been 
attained  to  that  which  may  reasonably  be  contemplated  as  within 
reach  of  attainment  in  the  near  fUtnre,  I  have  no  wish  to  assume  the 
r6le  of  the  prophet.  Still  less  would  I  desire  to  emulate  the  example 
of  the  imaginative  litteratonr  who,  whether  his  name  be  Jules  Verne 
or  H.  Q.  Wells,  stimulates  the  public  cnriosity  by  amazing  speculations, 
and  in  doing  so  renders  the  disservice  that  the  public  so  stimulated  is 
made  less  capable  than  before  of  distinguishing  between  that  which  is 
and  that  which  is  not  within  the  bounds  of  reasonable  possibility. 

It  has  been  shown  that  there  are  three  general  methods  of  trans- 
mitting electric  signals  across  space.  All  of  them  require  base  lines 
or  base  areas.  The  first,  conduction,  requires  moist  earth  or  water  as 
a  medium,  and  is  for  distances  of  less  than  3  miles  the  most  effective 
of  the  three.  The  second,  induction,  is  not  dependent  upon  earth  or 
water,  bat  will  equally  well  cross  air  or  dry  rock.  The  third,  electric- 
wave  propagation,  requires  no  medium  beyond  that  of  the  ether  of 
space,  and  is,  indeed,  interfered  with  by  interposing  things,  such  as 
masts  and  trees.  Given  proper  base  lines  or  base  areas,  given  adequate 
methods  of  throwing  electric  energy  into  the  transmitting  system  and 
sufficiently  sensitive  instruments  to  pick  upand  translate  the  signals, 
it  is  possible,  in  my  opinion,  to  so  develop  each  of  the  three  methods 
that  by  any  one  of  them  it  will  be  possible  to  establish  electric 
communication  between  England  and  America  across  the  intervening 
space.  It  is  certainly  possible  either  by  conduction  or  by  induction; 
whether  by  waves  I  am  somewhat  less  certain.  Conduction  might 
very  seriously  interfere  with  other  electric  agencies,  since  the  waste 
currents  in  the  neighborhood  of  the  primary  base  line  would  be  very 
great.  It  is  certainly  possible  either  by  conduction  or  induction  to 
establish  direct  communication  across  space  with  either  the  Gape  or 
India  or  AustraUa  (under  the  same  assumptions  as  before)  and  at  a  &r 
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W«  oMt  tkaa  that  of  a  o-<iBitciiiig  ssbrnvute  cable.  I  tfmabt  vesy 
grcatir  vbi-tbcr  (be  nT«  mrtbol  «aii  be  nade  apiJieatble  »t  all  to 
tbaie  so  di-t^Dt  parU  of  Ibe  globe.  Bat  wbecber  by  eamdaetion.  by 
iDdncxioD.  or  hj  wares.  1  am  bibIj-  tMa-wiaoed  that  ttbe  twediite  roa>d 
to  comnKTtri.ll  saecfse  lies  in  tro  things.  Fiisttr.  w«  Bnat  frankly 
neftgnvx  Uut  ibvc  u  do  socfa  thing  a«  teie^rapbing  vitkoat  wires; 
that  tiie  ba«e  tine  or  the  ba^e  ana  samMUMl«d  hj^  wires  is  a 
fawiaBenial  neeesitr.  S^cocKHf.  ve  mait  look  to  estaMishiD^  real 
gyntooy  b^vecD  tbe  seDdins  and  tbe  i«c«iTi&p  parts  of  tbs  apparstiLS 
to  rettder  it.  as  far  as  possible.  $eits:tive  aod  iDdependeBt,  witboat 
which  coo'litioiu  saeh  systens  will  bemaM  too  eostlT'  and  too  qiibuui- 
ageable  for  o-miiwn-ial  eodd. 

'Ttie  pa|>er  w»s  fltDi>trate>i  Itf  Domeroas  slides  nhistzatiQg  tbe 
netbods  sod  iuntmmeiiis  a^^d  b;  Hertz.  Lodge.  Kigfai.  Marconi,  and 
Slaby  JD  tbeir  iuvesti^atious.  and  tbe  newest  syntouic  apparatus  of 
Lodge.  ExperimeDt^  were  also  i^bown  Ului^tTstiog  the  traoamissioi]  of 
electric  wavei!  aud  tbeir  recegiTion  aiid  detection.  A  sanll  Lodge 
apparatn^.  coustmcted  by  Mr.  MUltf.  was  also  exhibited  in  operation.) 
Tbe  ehainnaD  said  no  doabt  all  preheat  bad  vome  with  great  expecta- 
tions, anticipating  mach  pleasure  Id  bearing  of  tbe  latest  developmeDts 
of  one  of  the  must  iuteresting  and  valnable  applications  of  nodem 
s*.-ieoce  to  useful  purposes — electric  telegraphy.  Bnt  whatev^  tiieir 
ezpe<;tatioa.s.  they  most  have  been  more  than  realized  by  tbe  exceed 
inglf  lucid  exposition  by  Professor  Thompson  of  a  most  intiicate  and 
diffieolt  sobject:  so  lacid  in  fact  had  it  bc«n  that  probably  few  realized 
bow  intricate  it  was.  He  felt  with  Professor  Thom|>s<»i  that  perhaps 
in  tbe  immediate  future  the  application  of  wireless  telegn^y  to  prse- 
tical  purposes  was  not  quite  so  wide  as  some  might  have  anticipated 
and  boped;  bnt  at  the  same  time  there  were  pnrpoees  to  which  tbey 
migbt  reasonably  bope  it  migbt  be  applied,  such,  for  example,  as  oom- 
moDication  between  the  shore  and  Iightshi|>s.  and  possibly  between  ship 
aod  ship.  It  was  satisfactory  to  learn  that  means  were  being  soag^t  for, 
and  bad  been  to  some  extent  found,  of  differentiating  one  telegraphic 
signal  sent  through  space  by  another  taning.  That  was  to  him  a  practi- 
cally interesting  point  and  tbe  explanations  which  bad  been  given  of  the 
methods  adopted  by  ProC  Oliver  Lodge  for  obtaining  the  transmission 
of  a  particular  message,  and  tbe  receipt  of  that  message  by  a  particniar 
p«-8on  intended  to  receive  it,  were  especially  valuable.  Obviously  it 
woold  be  very  ioconvenient  if  messages  sent  tfarongh  space  were  iodiffer- 
eutly  receivable  by  everyone  who  cbose  to  play  tbe  part  of  an  eaves 
dropper.  That  condition  of  things  would  somewhat  resemble  that 
d*«!ribed  in  o*-  ""Christian  Andersen'sstories,  where  tbe  ftimes 

coming  from  ealed  to  everyone  who  chose  to  smell  them 

what  each  ]  n  was  having  for  dinner.     It  was  not  very 

desirable  th  curiosity  shoold  be  gratified  in  connection 
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with  telegraphy,  and  it  seemed  to  him  that  the  uses  of  telegraphy 
through  apace  would  be  very  much  limited  if  this  sort  of  thiug  could 
uot  be  prevented.  Professor  Lodge's  line  of  experiment,  however, 
seemed  to  tend  in  that  direction,  and  to  show  the  means  of  confining  a 
message  to  the  person  intended  to  receive  it.  He  was  sure  Professor 
Thompson  would  be  pleased  to  answer  any  questions  on  any  point  that 
ha4l  not  been  made  clear,  if  there  were  any  such,  any  questions  which 
could  arise  having  been  already  answered  in  anticipation.  If  no  one 
had  any  such  qnery  to  pat,  he  would  conclude  by  proposing  a  hearty 
vote  of  thanks  to  Professor  'Iliompson  for  his  paper. 

The  vote  of  thanks   was  carried   unanimously,  and   the  meeting 
adjourned. 
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By  W.  H.  PRBBCE,  Esq.,  0.  B.,  F.  R.  8.,  M.  InBt  O.  E. 


Science  hu  conferred  one  greaX.  benefit  on  mankind.  It  has  supplied 
aa  with  a  new  sense.  We  can  now  see  the  invisible,  hear  the  inaudible, 
and  feel  the  intangible.  We  know  that  the  universe  ie  filled  with  a 
bomogeneoos  Mmtinuons  elastic  medium  which  transmits  heat,  light, 
electricity  and  other  forms  of  energy  ftom  one  point  of  space  to  another 
withont  loss.  The  discovery  of  the  real  existence  of  this  "ether"  is 
one  of  the  great  scientific  events  of  the  Victorian  era.  Its  character 
and  mechaniem  are  not  yet  known  by  na.  All  attempts  t«  "invent"  a 
perfect  ether  have  proved  beyond  the  tneotal  powers  of  the  faigbest 
intellects.  We  can  only  say  with  Lord  Salisbury  that  the  ether  is  the 
nominative  case  of  tbe  verb  "to  undulate."  We  mast  be  content  with 
a  knowledge  of  the  fact  that  it  was  created  in  the  beginning  for  the 
transmisaion  of  energy  in  all  its  forms,  that  it  transmits  these  energies 
in  definite  waves  and  with  a  known  velocity,  that  it  is  perfect  of  its 
kind,  bat  that  it  still  remains  as  inscrutable  as  gravity  or  light  itselC 

Any  distorbonce  of  the  ether  must  originate  with  some  disturbance 
of  matter.  An  explosion,  cyclone,  or  vibratory  motion  may  occur  i  n  tbe 
photosphere  of  tbe  sun.  A  disturbance  or  wave  is  impressed  on  the 
ether.  It  is  propagated  in  straight  lines  through  space.  It  falls  on 
Jupiter,  Venna,  the  Earth,  and  every  other  planet  met  with  in  its 
coarse,  and  any  machine,  human  or  mechanical,  capable  of  responding 
to  its  undulations  indicates  its  presence.  Thus  tbe  eye  supplies  the 
sensation  of  light,  the  skin  is  sensitive  to  beat,  the  galvanometer  indi- 
cates electricity,  the  magnetometer  indicates  disturbances  in  the  earth's 
magnetic  field.  One  of  the  greatest  scientific  achievements  of  onr 
generation  is  the  magnificent  generalization  of  Clerk-Maxwell  that  alt 
these  diatnrbances  are  of  precisely  the  same  kind,  and  that  they  differ 
only  in  degree.  Light  is  an  electromagnetic  phenomenon,  and  elec- 
tricity in  its  progress  ibrougb  space  follows  tbe  laws  of  optics.  Hwtz 
proved  this  experimentally,  and  few  of  us  who  heard  it  will  forget  the 

■From  proceodiDga  of  the  Rojsl  InstitntioD  of  Great  Britain,  Vol.  XV,  Part  It, 
No.  91,  April,  1698,  pp.  467-476.  Retul  at  weekly  eveoing  meeting,  Friday,  .tnne 
11,  1897. 
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admirable  teoture  od  "The  work  of  Hertz"  given  in  thie  liall  by  Prof. 
Oliver  Lodge  three  years  ago.' 

By  the  kindaeas  of  Prof.  SilvaDDS  Thompson  I  am  able  to  Ulastrate 
wave  transmission  by  a  very  beaatifhl  apparatas  devised  by  him.  At 
one  end  we  have  the  transmitter  or  oscillator,  which  is  a  heavy  sus- 
pended mass  to  which  a  blow  or  impulse  is  given,  aud  which,  in  conse- 
quence, vibrates  a  given  namber  of  times  per  minute.  At  the  other 
end  is  the  receiver  or  resonator,  timed  to  vibrate  to  the  same  period. 
Connecting  the  two  together  is  a  row  of  leaden  balls  snspeoded  so  that 
each  ball  gives  a  portion  of  its  energy  at  each  oscillation  to  the  next  in 
the  neries.  Each  ball  vibrates  at  right  angles  to  or  athwart  the  line  of 
propogatiou  of  the  wave,  and  as  ttaey  vibrate  in  different  phases  you 
will  see  that  a  wave  is  transmitted  f^ra  the  transmitter  to  the  receiver. 
The  receiver  takes  up  these  vibrations  and  responds  in  sympathy  with 
the  transmitter.  Here  we  have  a  visible  illustration  of  that  which  is 
absolutely  invisible.  The  wave  you  see  differs  fit>m  a  wave  of  light  or 
of  electricity  only  in  its  length  or  in  itB  frequency.  Electric  waves 
vary  from  units  per  second  in  long  snbmarine  cables  to  millions  per 
second  when  excited  by  Hertz's  method.  Light  waves  vary  per  second 
between  400  billions  iu  the  red  to  800  billions  in  the  violet,  and  electric 
waves  differ  from  them  in  no  other  reai>ect.  They  are  reflected, 
refracted  and  polarized,  they  are  subject  to  interfereuce,  and  they  move 
through  the  ether  in  straight  lines  with  the  same  velocity,  viz,  186,400 
miles  per  second — a  number  easily  recalled  when  we  remember  that  it 
was  in  the  year  1864  that  Maxwell  made  his  famous  discovery  of  the 
identity  of  light  and  electric  waves. 

Electric  waves,  however,  differ  from  light  waves  in  this,  that  we  have 
also  to  regard  the  direction  at  right  angles  to  the  line  of  propagation 
of  the  wave.  The  model  gives  an  illnstratioti  of  that  which  happens 
along  a  line  of  electric  force;  the  otber  lice  of  motion  I  speak  of  is  a 
circle  around  the  point  of  disturbance,  and  these  lines  are  called  Itnet 
of  magnetic  force,  ^  The  animal  eye  is  tuned  to  one  series  of  wave;  the 
"electric  eye,"  as  Lord  Kelvin  called  Hertz's  resonator,  to  another.  If 
electric  waves  could  be  reduced  iu  length  to  the  forty.thousandth  of  aa 
inch  we  should  see  them  as  colors. 

One  more  definition,  and  our  ground  is  cleared.  Whan  electricity  is 
found  stored  up  in  a  potential  state  in  the  moleonlesof  a  dielectric  like 
air,  glass,  or  gutta-percha  the  molecules  are  strained,  it  is  called  a 
charge,  and  it  establishes  in  its  neighborhood  an  electric  field.  When 
it  is  active,  or  in  its  kinetic  state  in  a  circuit,  it  is  called  a  current.  It 
is  found  iu  both  states — kinetic  and  potential — when  a  current  is  main- 
tained in  a  conductor.  The  sarroundiug  neighborhood  is  then  found 
in  a  state  of  stress,  forming  what  is  called  a  magnetic  field. 

'This  Is  published  In  an  enlar^ceil  and  uHeful  form  bj  The  Electrician  Printing 
■A  Publlahiug  Company.— W.  H.  P. 
VidB  Ug.  4,  p.  2M. 
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In  the  lirat  case  the  obarges  can  be  made  to  rise  and  foil,  and  to 
snrge  to  and  fro  vith  rbythmic  regalarity,  exciting  electric  waves  along 
each  line  of  electric  force  at  very  high  IreqneacieB,  and  in  the  aecond 
case  the  cnrrents  can  rise  or  alternate  in  direction  with  the  same  regu- 
larity, but  with  very  ditferent  firequencies,  and  originate  electromag- 
netic leaves  whose  wave  fronts  are  propagated  in  the  same  direction. 

The  first  is  the  method  of  Hertz,  which  has  recently  been  tamed  to 
practical  account  by  Mr  Marconi,  and  the  second  is  the  method  which 
1  have  been  applying,  and  which,  for  historical  reasons,  I  will  describe 
to  you  first 

In  1KS4  messages  sent  through  insulated  wires  baried  iu  iron  pipes 
in  the  utreets  of  London  were  read  apon  telephone  cironits  erected  on 
poles  above  the  house  tops,  SO  feet  away.  Ordinary  telegraph  circaits 
were  found  in  1885  to  produce  distnrbances  3,000  feet  away.  Distinct 
speech  by  telephone  was  carrieil  ou  through  one-qnarter  of  a  mile,  a 


— Utognin  aroaDDMtiODtarUr.  Fi 


distance  that  was  increased  to  1^  miles  at  a  later  date.  CareM  experi- 
ments were  made  in  ISSti  and  1887  to  prove  that  these  effects  were  due 
to  pure  electromagnetic  waves,  and  were  entirely  free  from  any  eartb- 
conda<;tion.  In  1892  distinct  messages  were  sent  across  a  portion  of 
the  Bristol  Channel,  between  Penarth  and  Flat  Holm,  a  distance  of  3.3 
miles. 

Early  in  189S  the  cable  between  Oban  and  the  Isle  of  Mnll  broke 
down,  and  as  no  ship  was  available  for  repairing  and  restoring  com- 
munication, communication  was  established  by  utilizing  parallel  wires 
on  each  side  of  the  channel  and  transmitting  signals  across  the  space 
by  these  electromagnetic  waves. 
The  apparatus  (fig.  1)  connected  to  each  wire  consists  of — 
(a)  A  rheotome  or  make  and  break  wheel,  causing  about  260  andnla- 
tioQS  per  secoud  iu  the  primary  wire. 
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{b)  An  ordiDary  batt«t7  of  about  100  Leclanch6  cells,  of  the  so-called 
dry  and  portable  form. 
(«)  A  Moree  telegraph  key. 

(d)  A  telephone  to  act  as  receiver. 

(e)  A  switch  to  start  and  stop  the  rheotome. 

Good  eignata  depend  more  on  the  rapid  rise  and  foil  of  the  primary 
cmreiit  than  on  the  amoant  of  energy  Uirown  into  vibration. 
Leclanoh^  cells  give  as  good  signals  at  3J3  miles  distant  as  2|  horse- 
power transformed  into  alternating  onrrents  by  an  alternator,  owing  to 
the  smooth  siunaoictal  curves  of  the  latter.  Two  hnndred  and  sixty 
vibrations  per  second  give  a  pleasant  note  to  the  ear,  easily  read  wbea 
broken  ap  by  the  key  into  dots  and  dashes. 

In  my  eleotrouiagnetic  system  tw<r  parallel  oircuits  are  established, 
one  on  each  side  of  a  channel  or  bank  of  a  river,  each  circnlt  becoming 
snccessively  the  primary  and  secondary  of  an  induction  system,  aooord- 
ing  to  the  direction  iu  which  the  signals  are  being  sent.  Strong  alter- 
nating or  vibrating  corrents  of  electricity  are  transmitted  in  tJie  first 
drcait  so  as  to  form  signals,  letters,  and  words  in  Morse  character. 
The  efifecta  of  the  rise  and  fall  of  these  currents  are  transmitted  ua 
electromagnetic  waves  through  the  intervening  space,  and  if  the  sec- 
ondary circait  is  so  situated  as  to  be  washed  by  these  ethereal  waves, 
-their  energy  is  transformed  into  secondary  currents  in  the  second  cir- 
cuit, which  can  be  made  to  affect  a  telephone  and  thus  to  reproduce  the 
signals.  Of  course  their  intensity  is  much  reduced,  but  still  their  pres- 
ence has  been  detected,  though  five  miles  of  clear  space  have  separated 
the  two  circuits. 

Such  effects  have  been  known  scientifically  in  the  laboratory  since 
the  days  of  Faraday  and  of  Henry,  but  it  is  only  within  the  last  few 
years  that  I  have  been  able  to  utilize  them  practically  through  consid- 
erable distances.  This  has  been  rendered  possible  through  the  intro- 
duction of  the  telephone. 

Last  year  (August,  1896)  an  effort  was  made  to  establish  communi- 
cation with  tlie  North  Sandhead  (Goodwin)  Lightship.  The  apparatus 
used  was  designed  and  manufactured  by  Messrs.  Eversbed  and 
Viguoles,  and  a  most  ingenious  relay  to  establish  a  call  invented  by  Mr. 
Eversbed.  One  extremity  of  the  cable  was  coiled  in  a  ring  on  ibe 
bottom  of  tlio  sea,  embracing  the  whole  area  over  which  the  lightship 
swept  while  swinging  to  the  tide,  and  the  other  end  was  connected 
with  the  shore.  The  ship  was  surrounded  above  the  water  line  with 
another  coil.  The  two  coils  were  separated  by  a  mean  distance  of  about 
200  fathoms,  but  communication  was  found  to  be  impracticable.  The 
screeniug  effect  of  the  »ea  water  and  the  effect  of  the  iron  hnll  of  the 
ship  absorbed  pra<-'  '  the  energy  of  the  currents  in  the  coiled 

cable,  and  the  eff'  though  perceptible,  were  very  trifling— 

*'oo  minute  for  si  'uus  exiieriments  had  failcid  to  show 

extremely  raj  i  energy  is  absorbed  with  the  depth 
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or  thickness  of  sea  water.  The  energy  i»  absorbed  in  formiag  eddy 
currents.  There  is  no  difflcnlty  whatever  in  sigualing  tbroagh  15 
&thoine.  Speech  by  telephone  has  been  maiutaiued  through  6 
fathoms.  Although  this  experiment  baa  failed  through  water,  it  is 
tfaoroaghly  practical  through  air  to  conBidcrable  distances  where  it  is 
possible  to  erect  wires  of  Bimilar  length  to  the  distance  to  be  crossed  on 
each  side  of  the  channel.  It  is  not  always  possible,  however,  to  do 
this,  Dor  to  get  the  requisite  height  to  secure  the  best  effect.  It  is 
impossible  od  a  lightship  and  on  rock  light-houses.  There  are  many 
small  islands— Sark,  for  example — where  it  can  not  be  done. 

In  July  last  Mr.  Marconi  brought  to  England  a  new  plan.  My  plan 
IB  based  entirely  on  utilizing  electromagnetic  waves  of  very  low  (ce- 
qaency.  It  depends  essentially  on  the 
rise  and  fall  of  eurrenU  in  the  primary 
wire.  Mr.  Marconi  utilizes  electric  or 
Hertzian  wavesof  very  high  frequency, 
and  they  depend  upon  the  rise  and  fall 
of  electric  force  in  a  sphere  or  spheres. 
He  has  invented  a  new  relay  which,  for 
sensitivenesa  and  delicacy,  exceeds  all 
known  electric  apparatus. 

The  peculiarity  of  Mr.  Marconi's 
system  is  that,  apart  from  the  ordinary 
connecting  wires  of  the  apparatus,  con- 
ductors of  very  moderate  length  only 
are  needed,  and  even  these  can  be  dis 
pensed  with  if  reflectors  are  used. 

The  transmitter. — His  transmitter  i^ 
Professor  Bight's  form  of  Hertz's  radi- 
ator (fig.  2). 

Two  spheres  of  solid  brass,  4  inches 
in  diameter  (A  and  B),  are  fixed  in  an 
oil-tight  case  D  of  insulating  material, 
so  that  a  hemisphere  of  each  is  exposed, 
the  other  hemisphere  being  immersed  'vt—'-^- 

in  a  bath  of  vaseline  oil.  The  use  of  oil  has  several  advantages.  It 
maintains  the  surfoces  of  the  spheres  electrically  clean,  avoiding  the 
frequent  polishing  required  by  Hertz's  expoi^ed  balls.  It  impresses  on 
the  waves  excited  by  these  spheres  a  uniform  and  uonstaut  form.  It 
lends  to  reduce  the  wave  lengths — Bighi's  waves  are  mea-->ured  in  cen- 
timeters, while  Hertz's  were  measored  in  meters.  For  these  reasons  the 
distance  at  which  efliects  are  produced  is  increased.  Mr.  Marconi  uses 
generally  waves  of  almut  120  centimeters  long.  Two  small  spheres,  a 
and  b,  are  fixed  close  to  the  large  spheres,  and  coniiecte<l  each  to  one 
end  of  the  secondary  circuit  of  the  "induction  coiPC,  the  primary  cir- 
cuit of  which  is  excited  by  a  battery  E,  thrown  in  and  out  of  circuit  by 
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tbe  Morse  kejr  K.  Now.  vbenerer  the  k^  K  is  depressed  sparks  pass 
betwem  1. ::,  and  3.  aod  mnce  tbe  syttemt  A  B  cootains  capaci^  atid 
electric  inertia,  oscillatioDS  are  set  op  id  it  of  extnae  rapidity.  Tbe 
Uoe  of  pn^M^atioii  is  D  ^  and  tbe  freqaeacy  of  oadUati«tD  is  probably 
about  250  millionfl  per  seamd. 

The  distaoee  at  which  effects  are  prodoeed  with  such  rapid  oacilla- 
tioDs  dqieDds  chiefly  oa  the  raersy  in  tbe  dischai^  that  passes.  A 
6-inch  spark  coil  has  soffieed  throa^  I.  2.  3,  np  to  4  miles,  but  for 
greater  distances  we  hare  used  a  more  pow«1al  coil — one  emitting 
qnrks  20  inches  long.  It  may  also  be  pointed  out  that  this  distance 
inereases  with  tbe  diameter  of  the  sphoes  A  and  B.  and  it  is  nearly 
doobled  by  making  the  spheres  solid  instead  of  hoUow. 

The  rtceirer. — Marconi's  relay  (fig.  2<  consists  of  a  small  glass  tuba 
4  centimeters  long,  into  which  two  silver  pole  pieces  are  tightly  fitted, 
separated  from  each  otho'  by  about  half  »  millimeter — a  thin  space 
wbi^  is  filled  np  by  a  roixtore  of  fine  nickel  and  stlro-  filings,  mixed 
with  a  traee  of  mercory.  The  tube  is  exhausted  to  a  vacnnm  of  4  milli- 
meters, and  sealed.  It  forms  part  of  a  circoit  Mmtaining  a  local  cell 
and  a  aensitiTe  telegraph  relay.  In  its  normal  coiididon  the  metallic 
powder  ia  virtnally  an  insolator.  The  particles  tie  higgledy-piggledy, 
anyhow,  in  disorder.  They  lightly  tonch  earh  other  in  an  irregnlar 
method,  bnt  when  electric  waves  fall  npou  them  they  are  "polarised," 
order  is  inst^^ed.  They  are  marshaled  in  serried  ranks,  they  are  sub- 
ject to  pressure — io  bet,  as  Prof.  Oliver  Lodge  expresses  it,  they 
"  cohere"— electrical  <.-ontact  ensues  and  a  current  passes.  The  resist- 
ance of  Bach  a  space  falls  from  infinity  to  aboot  5  ohms.  The  electric 
resistance  of  Marconi's  relay — that  is,  tbe  resistance  of  the  tbio  disc  of 
loose  powder — is  practically  infinite  when  it  is  in  its  normal  or  dis- 
ordered condition.  It  is  then,  in  &ct,  an  insolator.  This  re«stance 
drops  sometimes  to  5  ohms,  when  the  absorption  of  the  electric  waves 
by  it  is  intense.  It  therefore  becomes  a  conductor.  It  may  be,  as 
suggested  by  Professor  Lodge,  that  we  have  in  the  measurement  of  the 
variable  resistance  of  this  instrument  a  means  of  determining  the  inten- 
sity of  the  energy  foiling  upon  it.  This  variation  is  being  investigated 
both  as  regards  the  magnitude  of  the  enei^'  and  the  frequency  of  the 
incident  waves.  Now  such  electrical  effects  are  well  known.  In  1866 
Mr.  S.  A.  Varley  introduced  a  lightning  protector  constmcted  like  tbe 
above  tube,  but  made  of  boxwood  and  containing  iwwdered  carbon.  It 
was  fixed  as  a  shunt  to  the  instrument  to  be  protected.  It  acted  well, 
bat  it  was  subject  to  this  coherence,  which  rendered  tbe  cure  more 
troublesome  than  tbe  disease,  and  its  nse  bad  to  be  abandoned.  The 
same  action  is  ven*  '  in  granulated  carbon  microphones  like 

Hnnning's,  and  sb  be  resorted  to  to  decohere  the  carbon 

particles  to  their  >  M.  E.  Branly  (1890)  showed  the  effect 

with   copper,  aln  a  filings.    Prof.  Oliver  Lodge,  who 

^as  done  more  t  in  England  to  illnstrate  and  pop- 
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nlarize  the  work  of  Hertz  and  his  followers,  has  given  the  Dame 
"coherer"  to  this  form  of  apparatas.  Marconi  "decoheres"  by  making 
the  local  current  very  rapidly  vibrate  a  small  hammer  head  against 
the  glass  tube,  whioh  it  does  effectually,  and  in  doing  so  makes  snch  a 
sound  that  reading  Morse  characters  is  easy.  The  same  cnrrent  that 
decoheres  can  also  record  Morse  signals  on  paper  by  ink.  The  exhausted 
tube  has  two  wings,  which,  by  their  size,  tune  the  receiver  to  the  trans- 
mitter by  varying  the  capacity  of  the  apparatns. '  Choking  coils  pre- 
vent the  energy  escaping.  The  analogy  to  Prof.  Silvanas  Thompson's 
wave  apparatus  is  evident.    Oscillations  set  up  in  the  transmitter  fioll 


Fio.a.— Map  ut'  lociJItf 


npon  the  receiver  tuned  in  sympathy  with  it,  coherence  follows,  cnr- 
rents  are  escit«d,  and  signals  made. 

In  open  clear  spaces  within  sight  of  each  other  nothing  more  is 
wanted,  but  when  obstacles  intervene  and  great  distances  are  in  qnes- 
tioti,  height  is  needed — tall  masts,  kites,  and  balloons  have  been  used. 
Excellent  signals  have  been  transmitted  between  Penarth  and  Brean 
Down,  near  Weston-super-Mare,  across  the  Bristol  Channel,  a  distance 
of  nearly  9  miles  (fig.  3).    (The  system  was  here  shown  in  operation.) 

Mirrors  also  assist  and  intensify  the  effects.  They  were  used  in  the 
earlier  esperiments,  but  they  have  been  laid  aside  for  the  present,  for 
they  are  not  only  expensive  to  make,  but  they  occupy  much  time  in 
manufacture. 

'  The  period  of  vibration  of  a  circuit  is  Riven  by  the  eqnation  T^=2t  t/VLL,  »o  tbftt 
ne  have  eimplj'  to  vary  eitiier  the  capacity  K  or  the  so-called  "  self  indactioti "  L  to 
tune  the  receiver  to  auy  fre(|nency.     It  iusimpler  lo  vary  K. 
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which  hills  ATI)  bridged  b; 


It  is  cariouK  that  hills  and  apparent  obstractioDS  fail  to  obstraot. 
The  reason  is  probably  the  fact  that  the  lines  of  force  escape  these 
hills.  Wbeii  the  ether  is  entangled  in  mutter  of  difl'erent  degrees  of 
indactivity,  the  lines  are  carved,  as  in  fact  they  are  in  light.  Figure  4 
shows  how  a  hill  is  virtually  bridged  over  by  these  liues,  and  conse- 
quently- some  electric 
—  waves   fall   on   the 

relay.  Weather  seems 
to  have  qo  indaence; 
rain,  fogs,  snow,  and 
wind  avail  nothing. 

The  wings  shown  id 
figare  2  may  be  re- 
moved. One  pole  can 
be  connected  with 
earth,  and  the  other 
extended  up  to  the  top  of  the  mast,  or  fastened  to  a  balloon  by  means 
of  a  wire.  The  wire  and  balloon  or  kite,  covered  with  tin  foil,  becomes 
the  wing.  In  this  case  one  pole  of  the  transmitter  must  also  be  con- 
nected with  earth.  This  is 
shown  in  figure  !i. 

There  are  some  apparent 
anomalies  that  have  devel- 
oped themselves  during  the 
experiments.  Mr.  Marconi 
finds  that  his  relay  acts 
even  when  it  is  placed  in  a 
perfectly  closed  metallic 
box.  This  is  the  fact  that 
has  given  rise  to  the  ramor 
that  he  can  blow  np  an  iron- 
clad ship.  This  might  be 
true  if  he  could  plant  his 
properly  tune<l  receiver  in 
the  magazine  of  an  enemy's 
ship.  Many  other  funny 
things  could  be  done  if  this 
were  possible.  I  remember 
in  my  childhood  that  Gap- 
tain  Warner  blew  up  a  ship 

at  a  great  distance  off  Brighton.  How  this  was  done  was  never  known, 
for  his  secret  died  shortly  afterwards  with  him.  Jt  certainly  was  not 
by  means  of  Marco"''"  roiny. 

The  distance  '  "lals  have  been  sent  is  remarkable.    On 

Salisbury  Plain  overed  a  distance  of  4  miles.    In  the 

Bristol  Channel  tvudi'd  to  over  8  miles,  and  we  have 
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by  no  means  reached  the  limit.  It  is  interesting  to  read  the  surmises 
of  others.    Half  »  mile  was  the  wildest  dream. ' 

It  is  easy  to  transmit  many  messages  in  any  direction  at  the  same  time. 
It  is  only  necessary  to  tune  the  transmitters  and  receivers  to  the  same 
freqneDcy  or  "note."  I  coald  show  this  here,  but  we  are  bothered  by 
reflection  from  the  walls.  This  does  not  happen  in  open  space.  Tuning 
is  very  easy.  It  is  simply  necessary  to  vary  the  capacity  of  the 
receiver,  and  this  is  done  by  increasing  the  length  of  the  wings  W  in 
figure  2.  The  proper  length  is  found  experimentally  close  to  the  trans- 
mitter.    It  is  practically  impossible  to  do  so  far  away. 

It  has  been  said  that  Mr.  Marconi  has  done  nothing  new.  He  has 
not  discovered  any  new  rays;  his  transmitter  is  comparatively  old; 
his  receiver  is  based  on  Branly's  coherer.  Columbus  did  not  invent 
the  egg,  bnt  he  showed  how  to  make  it  stand  on  its  end,  and  Marconi 
has  produced  from  known  means  a  new  electric  eye,  more  delicate  than 
any  known  electrical  inatrninent,  and  a  new  system  of  telegraphy  that 
will  reach  places  hitherto  inaccessible.  There  are  a  great  many  prac- 
tical points  connected  with  this  system  that  reqnire  to  be  threshed  ont 
in  a  practical  manner  before  it  can  be  placed  on  the  market,  but 
enough  has  been  done  to  prove  itH  value,  and  to  show  that  for  shipping 
and  lightr house  purposes  it  will  be  a  great  and  valuable  acquisition. 


'  "  Unfortnoatoly  at  present  we  can  not  detect  tbe  electro- magnetic  navea  more 
than  100  feet  from  tueir  son rre."— Trowbridge,  1897,  What  U  Electricity,  p.  K6. 

"  I  mention  40  yardfl  beCHOse  tbat  wa«  one  of  the  first  out-of-door  experimeura, 
bnt  1  shonld  think  Bometbing  more  like  balf  a,  mile  was  nearer  tbe  limit  of  sensi- 
billtj.     However,  tbia  ia  a  rash  atatement  not  at  preaent  veTifleil."-rOliver  Dodge, 
18M,  Tbe  Work  of  Hertz,  p.  18. 
SM  98 17 
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NOTE   ON    THE   LIQUEFACTION   OF    HYDROGEN   AND 

HELIUM.' 


By  Prof.  Jakes  Dbwar. 


Id  a  paper  entitled  *'  The  liquefaction  of  air  and  Tesearch  at  lov  t«ni- 
peraturea,"  read  before  the  Chemiual  Society,  and  pnblisbed  in  the 
ProceedingB,  No.  168,  an  account  is  given  of  the  history  of  the  liquid- 
bydrogen  problem  and  the  resnlt  of  my  own  experiments  up  to  the  end 
of  the  yenr  1895.    The  facts  are  substantially  as  follows: 

Wmblewski  made  the  first  conclusive  ext>eriment8  on  the  liqnefac- 
tion  of  hydrogen  in  January,  1884.  He  found  that  the  gas  cooled  iu  a 
capillary  glass  tube  to  the  boiling  point  of  oxygen,  and  expanded 
quickly  from  100  to  1  atmospheres,  showed  the  same  appearance  of 
sudden  ebulitiou,  lasting  for  a  fraction  of  a  second,  as  Cailletet  had 
seen  in  his  early  oxygen  experiments.  No  sooner  had  the  announce- 
ment been  made,  than  Olszewski  confirmed  the  result  by  expanding 
hydrogen  flrom  190  atmospheres,  previously  cooled  to  the  temperature 
given  by  liquid  oxygen  and  nitrogen  evaporating  under  diminished 
pressure.  Olszewski,  however,  declared  in  1881  that  he  saw  colorless 
drops,  and  by  partial  expansion  t^  40  atmospheres  the  liquid  hydrogen 
was  seen  by  him  running  down  the  tube.  Wroblewski  could  not  confirm 
Olszewski's  results,  his  hydrogen  being  always  obtained  in  the  form  of 
what  he  called  a  "  liquide  dynamlque,"  or  the  appearance  of  an  instan- 
taneous froth.  The  following  extract  from  Wroblewski's  paper  (Compt. 
rend.,  1885,  1(>0,9SI)  states  very  clearly  the  results  of  his  work  ou 
hydrogen : 

"  L'hydrogene  sonmis  A  la  pression  de  180  atmosiihr-res  jusqu'A  190 
atmosjthi^res  refroidi  par  I'azote  bouillunt  dans  la  vide  (h  la  tempi^ra- 
ture  de  sa  solid) lica tion )  et  di'tendu  brusquement  sons  la  prest^ioD 
atniospb^riquepresente  une  mousse  bien  visible.  De  la  couleor  grise 
de  cette  mousse,  oil  IVeil  ne  pent  distinguer  des  gouttelettes  incolores, 
on  ue  pent  pas  encore  deviner  quelle  appareuce  aurait  I'hydrog^ne  a 
IV^tat  de  liquide  statiqueet  Ton  est  encore  moins  autorisc  A  pr^ciser 
a'il  iV  on  non  une  apparence  m<-talliqne. 

"J'ai  pn  placer  dans  cette  moasse  ma  pile  tbem]o-4Iectriqne  et 
j'obtenn  snivant  les  pressions  employees  des  tem[>6ratareB  de  —208" 

'From  Journal  of  the  Clieujical  Sooiaty,  London,  No.  CCCCXXVIl,  Jtma,  1898. 
Tola.  LXXIII  and  LXXIV,  pi>.  528-535. 

wogic 


260  LIQUKPACnOH  OP  HTDROOEN  AKD  HELIUM. 

jaaqo*^ —211^0.  Je  oe  peax  pas  encore  dire  dans  qnelle  relation  w 
tronvwit  ees  nombies  avec  1&  temp^ratare  reele  de  la  moasse  et  la 
temperature  d'ebollttjon  de  Fhydrogene  boos  la  piessiOD  atoioepb^ri- 
qoe,  paisqne  je  n'ai .  pas  e&e<H«  la  eertitode  qae  la  Ckible  dnr^  de  oe 
ph^nom^ne  ait  permit  i  le  pile  de  ee  refirndir  complj^tement.  Xt-^an- 
molns  je  crois  aojoardliai  de  moo  devoir  de  pablier  ces  r^soltats,  afin 
de  pret-iaer  I'^tat  actaiel  de  la  qnestioD  de  la  liqn^fiM^tion  de  liiydro- 
g^oe." 

It  is  well  to  note  that  the  lowest  thenno-electaric  temperatoie  recorded 
by  Wroblewakt  daring  the  adiabatic  expansion  of  the  hTdrogen,  namely, 
—211'^,  is  re^ly  equivalent  to  a  much  lower  temperatore  on  t^e  gas 
thermometer  scale.  The  most  probable  value  is  —330°,  and  this  most 
be  r^arded  as  the  highest  tonperatore  of  the  liquid  state,  or  the 
critical  point  of  hydrogm  according  to  his  observataoDB.  The  above 
methods  having  failed  to  lovdore  "  static "  hydrogen,  Wroblewski 
suggested  that  the  resnlt  might  be  attained  by  the  ose  of  hydrogen 
gas  as  a  cooling  agent.  From  this  time  until  bis  death  in  the  year  1888 
Wroblewski  devot«^  his  time  to  alaborioaa  research  on  the  isotber- 
mals  of  hydrogen  at  low  tempenttares.  The  data  thus  arrived  at 
enabled  him,  by  the  use  of  Tan  der  WaaTs  formuLf ,  to  calculate  the 
critical  constants  and  boiling  point  of  liquid  hydrogen. 

Olszewski  retorocd  to  the  sQbject  in  1S!*1,  repeating^nd  correcting 
his  old  experiments  of  1884,  which  Wroblewski  had  &iled  to  confirm, 
in  a  glass  tubeTnillimetexsindiameterinsteadof  oneof  2  millimeters, 
•$  in  the  early  trials.  He  says,  "  On  repeatiug  my  former  experiments 
1  had  no  hope  of  obtaining  m  lower  temperature  by  means  of  any  cool- 
ing agent,  but  I  hoped  thitt  the  expansion  of  hydrogen  would  be  more 
eflicjt^-ioQs,  on  account  of  the  larger  scale  on  which  the  experiment  waa 
made,"  The  rvsnlt  of  the^  experiments  Ol&Mwski  describes  as 
follows:  ''The  phenomenon  of  hydn^ien  ebullition,  which  was  then 
observe),  was  much  more  marlml  and  much  longer  than  during  my 
former  investigations  in  the  same  direiotion.  Bvt  frr»  fJt^n  I  conii  not 
pfr<vire  ttnti  tmninrtiK  of  lii/tiid  liviiropnt.''  Further,  *' Tfae  reason  (or 
which  it  has  not  been  bithej-to  ]M>ssible  to  liquify  hydrogen  in  a  static 
st,-ite  is  that  there  exisl.-*  no  pa-s  having  a  density  l>etween  those  of  hy- 
drogen and  of  nilrogi-n.  and  whuh  niiglit  be,  for  iostanoe,  7-10  (H  1). 
Such  a  gas  could  beliiinori*-!!  by  moans  nf  Iji(aid  oxygen  or  Mr  as  cool- 
ing Agent  and  l*e  afterwanls  used  as  a  frigorifio  menstruum  in  the 
liquefaction  of  hyiin>gen." 

Professor  01s7<>wsVi  in  18;».%  deU'rminod  the  tempentni«  reached  in 
the  momentary  adtalwitc  o\]tsnsi<>n  of  liydmgen  at  low  temperatDTw* 
just  as  Wroblewski  bad  di^ne  in  1S8.\  only  he  employed  a  platJoam 
resistance  thernjitmetcr  insteml  of  n  I hornw-jnnction. 

F,>r  this  pnn»ose  ho  W:»e.l  a  sni!»ll  steel  Nettle  of  20  or  30  cubic  oenti- 
flwters  cupar"  "•^ing  a  pliUinnm  resistance  thermomet«.     In 

this  way  ter  'c  rT'!;ist«>rMl  winch  were  ivf^arded  as  those 

(rftheeritir^  'int.s  ,>f  ]i<)nid  h^-drogen.  asubManeewhich 
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could  aot  be  Been  aoder  the  circamBtauces,  and  was  only  assamed  at 
themosttoexistfors  second  or  two  duriDgtheezpanaion  of  ttaegaseoaa 
hydro^n  ia  tfae  small  steel  bottle. 

The  resnlts  arrived  at  by  Wroblewski  and  Olszewski  are  given  in  the 
following  table: 


(MUoBl  tempentun 


J 


The  moment  tbe  critical  point  is  approximately  defined  the  boiling 
point  is  ronghly  known,  and  tbe  critical  pressure  can  be  inferred  from 
analogy  with  the  behavior  of  other  sabstanccs. 

In  a  paper  published  in  the  Philosophical  Mt^azine,  September,  1884, 
"On  tbe  liqaefaction  of  oxygen  and  tbe  critical  volames  of  flaids,"  the 
suggestion  was  made  that  tlie  critical  pressure  of  hydrogen  was  wrong, 
and  that  instead  of  being  99  atmospheres  (as  deduced  by  Sarran  from 
Amagat's  isotbermals),  the  gas  had  probably  an  abnormally  low  Value 
for  this  constant.  This  view  was  substantially  confirmed  by  Wroblewski 
finding  a  critical  presenre  of  13.3  atmospheres,  or  about  one-fi>nrth  of 
that  of  oxygen.  The  Chemical  News  (Sept.  7, 1894}  contains  an  accoant 
of  the  stage  tbe  author's  hydrogen  experiments  bad  reached  at  that 
date.  The  object  was  to  collect  liquid  hydrogen  at  its  boiling  point, 
in  au  open  vacuum  vessel,  which  is  a  much  more  difficult  problem  than 
seeing  the  liciaid  in  a  glass  tube  under  pressure  and  at  A  higher  tem- 
perature. In  order  to  raise  the  critical  point  of  hydrogen  to  about 
—200°,  firom  2  to  5  per  cent  of  nitrogen  or  air  was  mixed  with  it.  This 
is  simply  making  an  artificial  gas  containing  a  large  proportion  of  hy- 
drogen which  is  capable  of  liquefaction  by  the  use  of  liquid  air.  The 
results  are  summed  op  in  the  following  extract  from  the  paper:  "  One 
thing  can,  however,  be  proved  by  the  use  of  the  gaseous  mixture  of 
hydrogen  and  nitrogen,  namely,  that  by  subjecting  it  to  a  high  com- 
pression at  a  temperature  of  —200°  and  expanding  the  resulting  liqnid 
into  air,  a  much  lower  temperature  than  anything  that  has  been  recorded 
up  to  the  present  time  can  be  reached.  This  is  proved  by  the  fact  that 
such  a  mlxetl  gas  gives,  under  the  conditions,  a  paste  or  jelly  of  solid 
nitrogen,  evidently  giving  off  hydrogen,  because  the  gas  coming  off 
burns  fiercely.  Even  when  hydrogen  containing  only  some  2  to  5  per 
cent  of  air  is  similarly  treated,  the  result  is  a  white  solid  matter  (solid 
air)  along  with  a  clear  liquid  of  low  density,  which  U  86  exceedingly 
volatile  Uiat  no  known  device  for  collecting  has  been  successful." 

The  report  of  a  Friday  evening  lecture  on  New  Besearches  on  Liquid 
Air'  contains  a  drawing  of  the  apparatus  employed  for  tbe  production 

'  Proa.  Boy.  Inst.,  1686. 
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of  a  jet  of  hydn^en  coiitainiiig  Tiaible  liquid.  Tbia  is  reproduced  Id  the 
fi^re.  A  represents  one  of  the  hydrogeu  cylinders;  B  and  C,  Tacanm 
vessels  containing  carbonic  acid  nnder  exhanstion  and  liquid  air, 
respectively;  D  is  the  coil,  G  the  pin-hole  nozzle,  and  F  the  valve.  By 
means  of  this  jet  liquid  air  can  be  quickly  trauefonned  into  a  hard 
solid.  It  was  shown  that  such  a  jet  could  be  used  to  cool  bodies  t>elow 
the  temperature  that  it  is  possible  to  reach  by  the  use  uf  liquid  air, 
but  all  attempts  to  collect  the  liquid  hydrogen  from  the  jet  in  vacaum 
vessels  failed.    No  other  investigator  has,  so  lar,  improved  on  thu 


results  the  author  destrribed  in  the  Pnx-eedings  of  the  Chemical 
Society  (No.  158).  1895,  or,  iudeed,  toiii-betl  the  subject  since  that  date. 
The  type  of  apparatus  used  in  these  experiments  worked  well,  so  it 
\ras  resolved  to  construct  a  much  larger  liijuid-air  plant,  and  to  com- 
bine with  it  circuits  and  arnin^ements  for  the  liquefaction  of  hydrogen, 
which  will  be  described  iu  a  subsequent  pat>er.  This  apparatus  took  a 
year  to  build  up,  and  many  mouths  have  beeu  occupied  iu  testing  and 
making  prelimiua'  '"he  many  failures  and  defeats  need  not  be 

detailed. 

On  May  10  of  ting  with  hydrogen  cooled  bi  —205°, 

and  under  a  prcs;  spheres,  escaping  contiuaonsly  Irom 
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the  nozzle  of  a  coil  of  pipe  at  the  rate  of  about  10  or  15  cabic  feet  per 
niinnte,  iu  a  vueunm  vessel  doably  silvered  and  of  special  eoDStrnc- 
tion,  all  surroanded  with  a  space  kept  below  —200°,  liquid  hydrogen 
commenced  to  drop  train  this  vacnom  vessel  into  another  doubly 
isolated  by  being  sorronnded  by  a  third  vacaam  vessel.  In  about  five 
minutes  20  cubic  centimeters  of  liqnid  hydrogen  were  collected,  when 
the  hydrogen  jet  froze  up,  from  the  accnmulation  of  air  in  the  pipes 
ftozen  ont  from  the  impure  hydrogen.  The  yield  of  liquid  was  aboat  1 
per  cent  of  the  gas.  The  hydrogen  in  the  liquid  condition  is  clear  and 
colorless,  showing  no  absorptiou  spectram,  and  the  meniscus  is  as  well 
defined  as  in  the  case  of  liquid  air.  The  liquid  most  have  a  relatively 
high  refractive  index  and  dispersion,  and  the  density  appears  also  to 
be  in  excess  of  the  theoretical  density,  namely,  0.18  to  0.12,  which  we 
dedoce  respectively  from  the  atomic  volume  of  organic  compounds,  and 
the  limiting  density  found  by  Amagat  for  hydrogen  gas  under  infinite 
compression.  Yet  this  may  be  a  delusion  due  to  its  high  dispersioti. 
A  preliminary  attempt  to  weigh  a  small  glass  bnlb  in  the  liquid  made 
the  density  about  0.08.  My  old  experiments  on  the  densityof  hydrogen 
in  palladium  gave  a  value  for  the  combined  element  of  0.62,  and  it  will 
be  interesting  to  find  the  accurate  density  of  the  liquid  substance  at 
its  boiling  point.  Not  having  arraugeroenta  at  hand  to  determine  the 
boiling  point,  other  than  a  thermo-ju notion  which  gave  entirely  falla- 
cious results,  experiments  were  made  to  prove  the  excessively  low 
temperature  of  the  boiling  fluid.  In  the  first  place,  if  a  long  piece  of 
glass  tubing,  sealed  atone  end  and  open  to  the  air  at  the  other,  is 
cooled  by  immersing  the  closed  end  in  the  liquid  hydrogen,  the  tube 
.  immediately  fills,  where  it  is  cooled,  with  solid  air;  a  small  tube  con- 
taining liquid  oxygen  became  a  bluish  solid.  A  first  trial  of  patting 
the  liquid  hydrogen  under  exhaustion  gave  no  appearance  of  transi- 
tion  into  the  solid  state.  The  liquid  hydrogen  in  its  vacuum  tube,  which 
is  immersed  in  liquid  air  so  that  the  external  wall  of  the  vacuum  vessel 
is  maintained  at  about  — 190°,  is  found  to  evaporate  at  a  rate  not  far 
removed  from  that  of  liquid  air  from  a  similar  vacuum  vessel  under  the 
ordinary  conditions  of  storage.  This  leads.me  to  the  conclusion  that 
with  proper  isolation  it  will  be  possible  to  manipulate  with  liquid  hydro- 
gen as  easily  as  with  liquid  air.  The  second  experiment  was  made 
with  a  tube  containing  helium. 

The  Cracow  Academy  Bulletin  for  1896  contains  a  paper  by  Professor 
Olszewski,  entitled  "A  research  on  the  liquefaction  of  helium,"  in  which 
lie  states,  "As  far  as  my  experiments  go,  helium  remains  a  permanent  gas 
and  apparently  is  much  more  difficult  to  liquefy  than  hydrogen."  In  a 
paper  of  my  own  in  the  proceedings  of  the  Chemical  Society,  No.  183 
(1896-97),  in  which  the  separation  of  helium  irom  Bath  gas  was  efieoted 
by  a  liquefaction  method,  the  suggestion  was  made  that  the  volatility 
of  hydrogen  and  helium  would  probably  be  found  close  together,  just 
like  those  of  tluoriue  and  oxygen.     Having  a  specimen  of  purified 
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deserve  my  especial  gratitnde  for  their  handsome  douatioDS  to  the 
ooodtiot  of  this  research.  TTiifortuDately,  ite  prosecatioD  will  demaud 
a  farther  larf^  expenditure.  It  is  my  daty  also  to  acknowledge  that 
at  an  early  stage  of  the  inqairy  the  honorable  company  of  Goldsmiths 
helped  low  temperatures  inyestigatiou  by  a  generous  donation  to  the 
research  tund. 

During  the  whole  course  of  the  low  temperature  work,  carried  out  at 
the  Royal  lastitution,  the  invaluable  aid  of  Mr.  Robert  Lennox  has 
been  at  my  disi^sal,  and  it  is  not  too  much  to  aay  that  but  for  his 
engiueeriug  skill,  manipulative  ability,  and  loyal  perseverance  the 
present  saccessful  issue  might  have  been  indefinitely  delayed.  My 
thanks  are  also  due  to  Mr.  J.  W.  Heath  for  valuable  assistance  in  the 
conduct  of  these  experimeuts. 

ADDENDUM. 

Since  the  above  paper  was  written,  both  the  boiling  point  and  apeclflc 
gravity  of  hydrogen  have  been  determined.  The  boiling  point  in  the 
meauiime  giveu  by  the  use  of  a  platinum  resistance  thermometer 
involves,  however,  extrapolation  of  the  curve  con-elating  temperature 
and  resistaoce.  The  result  is  that  the  boiling  point  of  hydrogen  is  minus 
228°  C.  or  35°  abtwlute.  At  this  temperatare,  the  tension  of  liquid  air' 
(which,  of  course,  becomes  solid)  is  less  than  0.002  millimeter.  The 
resistance  of  the  thermometer  used  was  5.338  ohm  at  the  nieltJng  point 
of  ive,  and  this  was  reduced  to  0.1211  ohms  when  placed  lu  boiling 
hydrogen.  The  absolute  zero  in  platinum  degrees  of  this  thermometer 
was  miuus  263.27°,  and  the  temperature  measured  on  this  scale  is  minus 
266.29°  or  6.38^  ^om  the  point  where  the  conductivity  of  the  platinum 
wonld  become  infinite.  The  resistance  of  the  platinum  in  the  liquid 
hydrogen  is  reduced  to  nearly  one-eleveuth  of  what  it  is  in  liquid 
oxygen.  It  will  be  necessary  to  find  out  the  electric  condnccivity  of  the 
duid  itself,  and  to  repeat  the  observations  with  other  thermometers 
before  we  can  arrive  at  more  definite  couctnsious.  The  vapor  of  hydro- 
gen at  its  boiling  point  is  about  eight  times  denser  than  the  gas  at 
ordinary  temperatures,  or  it  has  about  half  the  density  of  air,  while 
the  vapor  coming  off  from  liquid  air  at  its  boiling  point  is  somewhat 
less  than  four  times  the  density  of  air  at  the  ordinary  temperature.  By 
evaporation  in  a  vacuum,  the  temperature  of  liquid  liydrogen  will  be 
lowered  from  10°  to  15°,  but  it  will  be  practically  impossible  (so  far  as 
we  can  anticipate  the  resalts  of  experiment)  to  reach  a  lower  tempera- 
ture than  minus  250°  0.  or  20°  absolute  by  this  means.  At  present  we 
can  see  no  way  of  bridging  over  the  last  20°  or  25°,  and  therefbre  the 
approach  to  the  zero  of  absolute  temperature  and  the  study  of  matter 
and  energy  nnder  such  conditions  must  be  confined  to  temperatures 
above  35°  absolute. 

The  density  of  liquid  hydrogen  has  been  approximately  determined 
by  evaporating  some  10  cubic  centimeters  of  the  liquid,  and  collecting 
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wmi  ■>— riiiiL  the  fM  pndoBtd.  thaw  by  MMKinme  ■*•  vci^bt.  Id 
a»  «^  %.15  liEos  at  U~  C.  tmi  Zi3  ■iITi— f  i  v<se  cirilccted  over 
■  ■111  fna  bcCwws  9  aail  14  cobse  ccbobMos  af  Sqsid  hTdn^eo. 
It  afftuu  tkeK^oR.  tbac  cbe  tiin^tr  ^ t^  Q>t«ii  ii  mbamt  0^,  luuDg 
wbate  MaBiben  aa  tbe  e:kM:TiI>eioa  wicfcs  t>at  b>  AM8  Bcariy.  liquid 
hydrngcB  is  tb*niot*  a  very  dec«pciT«  duid  m»  &r  a»  aippearmoee  i^oes. 
The  fact  of  iu  n)ll«ccins  a»  tmalr.  dr 'c-c-La^e  «>  wdL  aad  hmTing  sucb  a 
wefl-defiiMd  McniiKiu  indoKd  ae  c»  bcLm  that  tke  ih—ilj  might  be 
aboat  half  that  efli'ioid  air.  it  wasa^RUsorprue  tofi^  thedensity 
•bIj  tme-iMiVBtDth  oi  vuer.  Lji^oid  nunh  s^a  was  the  fittest  known 
bqmid,  the  dcnaitT  at  its  botlisz  poioc  beio^  •.417.  hrt  tiqaid  hydro- 
gen has  oolj  ooe-axth  tbe  d^o^iiy  of  this  sab^tanre.  The  density  of 
oecladed  hydrDgeo  in  palladiim  beto^  0-^  it  ia  ei^t  timed  deoaer 
than  tlte  biaid. 

HydrogeD  in  the  Uqaid  .-^tate  is  one  hnadivd  times  deaaer  than  the 
▼apor  it  is  givine  off  at  iti>  boiling  point,  where^  liquid  oxygen  i»  two 
hnndzed  and  fiAy-five  niD<»de[;aer  than  its  Tspor.  It  appears.  tberefof«, 
that  the  atomic  Tolame  of  [itjoid  hydrogen  at  itR  boiUng  point  is  14.3, 
aa compared  with  13.7  tor  oxygen  ander  similar  liii  iimalaitKii.  In 
other  words,  they  arc  nearly  MeoticaL  From  this  we  can  infer  that  the 
eritieal  pressure  need  not  exceed  13  atmixspberea.  The  estraordiDary 
propoties  theory  leqoirw  hydn^reo  should  possess,  especially  as  regards 
speeifie  and  latent  heat,  become  more  intelligible  from  the  momeot  we 
know  that  the  den^ty  is  so  smalL  In  other  wwds.  when  we  compare 
the  properties  of  equal  volnme:^  of  liqaid  hydrogen  and  air  ander  similar 
corresp«MidiD<;  temperstnrea,  they  do  not  dider  more  than  might  be 
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THE   RECENTLY  DISCOVEBED   GASES  AHD  THEIB  BELA- 
TION  TO  THE  PEEIODIO  LAW.' 


By  WiLLUM  Rahsat, 


Qbntlembn  :  It  is  veil  known  to  yoa  all  how  the  remarkable  obser- 
vatioQ  of  Lord  Bayleigh  that  nitrogen  fh>ni  the  atmosphere  possesses  a 
greater  deosity  than  that  prepared  from  ammonia  or  nitrates  led  to  the 
discovery  of  argon,  a  new  constituent  of  the  air.  I  need  not  Bay  that 
bad  it  not  been  for  this  observation  the  investigations  of  which  I  shaU 
speak  this  evening  would  never  have  been  carried  oat,  at  least  not  by 
me.  Tou  also,  doubtless,  will  remember  that  the  search  for  some  com- 
pound of  argon  was  rewarded,  not  by  the  attainment  of  tbe  quest,  bat 
by  the  discovery,  in  cleveitesnd  other  rare  uranium  minerals,  of  beliam, 
an  elementwhose  existence  in  theohromosphereof  thesnn  had  already 
been  suspected.  tAJid,  further,  I  hardly  need  to  recall  to  your  minds 
that  tbe  density  of  helium  is  in  round  nambere  2,  and  that  of  argon  20, 
and  that  the  ratio  of  speciflo  heats  of  both  these  gases,  unlike  that  of 
mostothers,  is  1.66. 

From  these  figures  it  follows  that  the  atomic  wugfat  of  beliam  is  4 
and  that  of  argon  40.  It  is  true  that  in  many  quarters  this  conclusion 
is  not  admitted,  but  I  have  always  thought  it  better  to  recognize  the 
validity  of  the  theory  of  gases  and  accept  the  logical  deductions  than 
to  deny  the  truth  of  the  present  theories.  The  only  reason  for  not 
admitting  the  correctness  of  these  atomic  weights  is  that  that  of  argon 
is  greater  than  that  of  potassiam,  but  this  is  no  severer  attack  npon  the 
validity  of  tbe  periodic  law  than  the  accepted  position  of  todin  after, 
instead  of  before,  telluriam.  As  a  matter  of  fact,  all  the  more  recent 
determinations  of  the  atomic  weight  of  telluriam  give  the  figure  127.6, 
while  that  of  iodin  remains  unchanged  at  127. 

Since  these  new  elements  form  no  compoands,  it  is  not  possible  to 
decide  the  qaestion  by  purely  chemical  methods.  Were  it  only  possible 
for  us  to  propare  a  single  volatile  compound  of  helium  or  of-  argon  our 
problem  woald  be  solved.    In  spite  of  many  attempts,  I  have  not  been 

>  Adrtresa  dellveT«d  hj  Prof.  William  RamBnr  before  the  DeDtarhen  ohemiBcben 
GeaellBchaft.  December  19,  1S98.  Traiulated  bj  J.  L.  U.  Printed  in  Soi«nee,  To). 
IX,  No.  217,  FebroMy  21,  1899. 
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able  to  coB&rm  Bertbelot'B  results  witb  benzine  or  oarbon  bisalfld.  I 
have,  however,  offered  to  place  a  liter  of  argoa  at  tbe  disposal  of  my 
distingnisbed  colleague,  tbat  he  may  repeat  big  experimeuts  on  a  larger 
scale.  No  one  can  doubt  that  it  is  exceedingly  desirable  that  the  ques- 
tion of  these  atomic  weights  shoold  be  flneJly  decided,  and  that  by 
chemical  methods. 

In  order  that  the  subject  may  not  depend  wholly  on  physical  theories, 
I  have  considered  it  from  another  standpoint.  If  we  assume,  as  fhim 
countless  chemical  facts  we  are  fuUyjustifled  In  doing,  that  tbe  periodic 
law  is  true,  theu,  giving  belinm  tbe  atomic  weight  2  and  argon  20,  there 
is  DO  possible  place  for  an  element  of  their  mean  atomic  weight;  for, 
unless  we  absolutely  overturn  the  accepted  views,  there  is  uo  vacauoy 
in  tbe  table  for  such  an  element.  This  appears  fW)m  tbe  following 
portiou  of  the  table: 

H^a  H6  =  2(1)  Li -^7  Gl  =  9.2  B=ll  0  =  12  11  =  14  0  =  16 
P  =  19  A  =  20(^ 

It  is  true  there  is  space  enough  between  He  ^  2  and  LI  =  7,  but  it  is 
highly  improbable  that  an  element  belonging  to  the  argon  series  could 
have  BO  low  an  atomic  weight.  The  diflierence  between  at^acent  mem- 
bers of  the  same  group  of  elements  is  generally  fh>m  16  to  18  anits,  bnt 
here  such  a  diSerence  is  wholly  excluded.  If,  on  the  other  hand,  we 
assume  He  =  4  and  A  =  40,  it  would  be,  in  my  opinion,  by  no  means 
improbable  that  such  an  element  could  exist  whose  atomic  weight 
would  be  somewhere  about  16  units  greater  than  that  of  helium,  and 
consequently  20  units  less  than  that  of  argon.  The  discovery  of  such 
an  element  woold  be,  therefore,  not  only  a  proof  of  tbe  correctness  of 
40  as  the  atomic  weight  of  argou,  but  also  aconflrmation  of  the  present 
views  regarding  the  significance  of  the  specific  beats  of  gases  for  their 
molecniar  weight. 

A  glance  at  the  periodic  table  will  make  these  considerations  clear, 
for  in  the  latter  case  we  have  tbe  following  series: 

Li=7      Gl=9.2      B=ll      0=12      N=14 

Na=23  Mg=24.3  Al=27      8i=28       P=31 

He=4 

0=16      F=19    (t)=20 

S=32     01=35.5   A=40 

Shortly  after  the  discovery  of  heliom  I  began  the  search  for  this 
suspected  element  of  atomic  weight  of  about  20,  at  first  in  connection 
with  Doctor  Oollie,  my  former  assistant,  and  later  vrith  my  present 
assistant,  Doctor  Travers. 

At  first  tt  appeared  not  improbable  that  this  element  might  be  found 
in  those  uranium  minerals  from  which  helium  bad  been  obtained.  We 
did  not,  however,  confine  ourselves  to  these  minerals,  bnt  tested  all 
available  metals,  either  by  heating  in  a  vacuum  or  by  fUsion  with  sodium 
bisulphate.     In  many  of  these  minerals  helium  was  found;  iu  many,  on 
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tii«  other  baitd,  only  tnces  of  hydrocarbons  and  hydrogen.  One 
mineral  only,  malakon,  gave  snfflcient  argou  to  be  recognizable  by  the 
spectroscope;  the  others  which  contained  helinm  gave  off  generally  also 
a  trace  of  argon,  as  was  later  shown  by  onr  difFasion  ezperimentB, 
Naturally  it  was  impossible  to  be  certain  that  the  few  cubic  centime' 
ters  of  gas  which  we  collected  front  these  minerals  cootaiued  do  new 
gas,  bat  we  failed  to  detect  the  presence  of  any  new  lines  with  the 
spectroscope. 

Yon  will,  undoubtedly,  recall  that  soon  after  the  discovery  of  helinm 
doobts  were  expressed  in  many  quarters  as  to  whether  the  gas  was 
really  aniform  or  a  mixture.  In  order  to  dispel  these  donbts,  and  also 
to  search  for  the  missing  gas,  Doctor  Collie  and  I  carried  ont  a  long 
series  of  diffhsion  experiments.  Throngh  these  we  reached  the  con< 
elusion  that  it  was,  in  fact,  possible  to  separate  heliom  into  two  constit- 
uents, one  of  which  possessed  a  somewhat  higher  density  than  the 
other.  Later  extieriroents, however,  in  conjunction  with  Doctor  Travers, 
showed  that  this  conclusion  was  erroneons.  Id  this  second  series  mach 
larger  quantities  of  helium  were  at  onr  disposal,  and,  to  our  disappoint- 
ment, we  found  that  the  heavier  fractions  of  our  gas  owed  their  greater 
density  to  the  presence  of  a  trace  of  argon.  Here,  again,  we  were 
unable  to  find  any  new  line  in  the  spectrum,  and  thus  far  our  search 
was  fruitless. 

We  next  directed  onr  attention  to  meteorites  and  to  mineral  waters. 
Only  one  out  of  seven  meteorites  examined  by  Dr.  Travers  and  myself 
showed  the  presence  of  helium  and  with  it  a  trace  of  argon ;  the  others 
gave  only  hydrogen  aud  hydrocarbons,  which  were  also  present  in  the 
gases  from  the  meteorite  which  contained  helium  and  argon.  Here, 
again,  onr  search  was  in  vain.  The  mineral  water  from  Bath  has  been 
investigated  by  Lord  Rayleigh;  in  the  waters  from  Oantarets,  in  the 
Pyrenees,  Dr.  SchlHsing  has  fonnd  both  argon  and  helium.  Dr.  Travers 
and  I  examined  these  gases  for  new  lines,  but,  as  before,  none  were 
found. 

Onr  patience  was  now  well-nigh  exhausted.  There  seemed,  however, 
to  be  a  single  ray  of  hope  left,  in  an  observation  which  had  been  made 
by  Dr.  Collie  and  myself.  You  will  recall  that  the  atomic  weight  of 
argon  was  apparently  too  high;  at  all  events  it  would  be  more  in  har- 
mony with  the  periodic  law  if  the  density  of  argon  were  19  instead  of 
20,  and  hence  its  atomic  weight  38  instead  of  40.  Hence,  after  some 
fknitless  attempts  to  separate  argon  into  more  than  one  contititnent  by 
means  of  solntion  in  water,  we  undertook  a  systematic  diffusion  of  argon. 
We  did  not,  however,  carry  this  procedure  very  far,  for,  at  that  time, 
we  believetl  that  helium  was  a  more  probable  source  of  the  desired  gas; 
nevertheless,  we  found  a  slight  diR'erence  in  density  between  the  gas 
which  diffused  first  and  that  which  remained  undiflnsed.  We,  there- 
fore, decided  to  prepare  a  large  quantity  of  argon,  and,  after  liquefying 
it,  to  investigate  carefully  the  different  fractions  on  distillation. 
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Sack  an  operation  demands  mactt  time.  In  tbe  first  place,  the  neo- 
esBary  apparatus  is  not  to  be  foond  in  any  ordinary  chemical  laboratory ; 
the  preparation  can  not  be  carried  out  in  glass  tnbes  in  an  ordinary 
ftimace,  bat  requires  iron  tnbea  of  large  size  and  an  especiat  farnace; 
in  the  second  place,  the  operation  must  be  repeated  several  times,  for 
it  is  not  convenient  to  work  vith  an  excessively  large  quantity  of  mag- 
nesium. As  before,  we  removed  the  oxygen  Irom  the  air  by  means  of 
copper  at  a  red  heat ;  the  atmospheric  nitrogen  remaining  was  collected 
in  a  large  gasometer  holding  abont  200  liters;  after  drying  over  concen- 
trated snlphuric  acid  and  phosphorous  pentoxid,  the  gas  was  passed 
through  an  iron  tube  of  5  centimeters  diameter  filled  with  magnesium 
filings;  the  gas  was  then  i>assed  through  a  second  copper  oxid  tube  to 
remove  the  hydrogen;  it  then  entered  a  galvaoized-iron  gasometer, 
which  was  constructed  like  an  ordinary  illnminating-gas  gasometer,  in 
order  that  the  argon  should  come  in  contact  with  as  little  water  as  pos- 
sible, since  argon  is  quite  appreciably  soluble  in  water,  and,  had  tbe 
ordinary  form  of  gasometer  been  used,  much  would  have  been  lost  in 
this  way.  Again,  the  gas  had  to  be  led  over  hot  magnesium  to  reduce 
still  further  the  qaantity  of  nitrogen;  and,  at  last,  it  was  circnlated 
between  the  gasometers,  passing  on  its  way  through  a  mixture  of  thor- 
oughly heated  lime  and  magnesia  at  a  red  beat.  This  is  a  means  of 
absorption,  recommended  byMaqiieone,  to  remove  tUe  last  of  nitrogen. 
Since,  however,  it  is  not  possible  to  dry  the  lime  absolutely,  hydrogen 
is  taken  up  by  the  gas,,  and  this  must  again  be  removed  by  copper 
oxid,  in  order  that  all  the  hydrogen  may  be  burned,  after  which  the 
water  must  again  be  removed  by  drying  tnbes. 

These  operations  required  several  months  and  were  cbiefiy  directed 
by  Dr.  Travers. 

Meanwhile,  it  seemed  to  be  worth  while  to  make  an  examination  as 
to  whether  the  desired  gas  might  possibly  fi>rm  compounds  and  be 
united  with  the  magnesinm,  by  which  the  nitrogen  had  been  removed. 
Miss  Emily  Aston  assisted  roe  to  settle  this  question. 

Some  700  grams  of  tbe  magnesinm  nitrid  were,  for  this  purpose, 
treated  with  water  in  a  large  exhausted  flask,  in  such  a  manner  that 
the  evolved  ammonia  was  absorbed  in  dilute  snlphuric  acid  which  had 
been  thoroughly  boiled;  all  the  other  gases  were  collected  by  a 
Tdpler  pump.  The  total  volume  of  this  gas  was  hardly  50  cubic  cen- 
timeters; it  proved  to  be  chiefly  hydrogen,  with  a  trace  of  hydrocar- 
bons, arising  i^m  the  small  quantity  of  metallic  magnesium  present  in 
the  magnesium  oitrid.  After  the  hydrogen  had  been  removed  by 
explosion,  an  excess  of  oxygen  was  passed  into  the  tube  and  the  uitro- 
geu  removed  in  the  n»na)  manner  by  sparking  over  alkali.  The  pres- 
ence of  nitrogen  here  was  undoubtedly  due  to  the  impossibility  of  per- 
fectly exhausting  all  the  air  from  so  large  a  flask;  the  volume  of 
nitrogen  was  abont  10  cubic  centimeters.  There  now  remained  bnt  a 
'uinute  bubble  of  gas,  and  on  transferring  this  to  a  Tacnum  tube  at 
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very  low  pressiiTe  the  spectram  of  argon  appeared.  There  was  here, 
therefore,  no  trace  of  a  new  gas  to  be  foond. 

It  was  Dot  deemed  worth  while  to  inveBtigate  the  ammonia,  since  I 
had  already  prepared  nitrogen  ont  of  this  and  Lord  Rayleigh  had 
determined  its  density;  hefonnd  this  to  be  exactly  the  same  as  the 
density  of  nitrogen  ftttm  different  chemical  aonrces.  It  remained,  how- 
ever, possible  that  the  songht-for  gas  conld  combine  with  hydrogen, 
and  that  such  a  coropoiiud  might  possess  an  acid  character;  ia  this 
case  it  might  have  entered  into  combination  with  the  magnesium.  On 
aooontit  of  the  possibility  that  sach  a  componnd  might  be  solnble,  the 
magnesia  was  extracted  with  water,  the  solntion  evaporated  and  treated 
with  Bulpharlc  acid  in  a  vacuam.  A  gas  was  evolved,  but  it  proved  to 
be  exclasiveiy  carbon  dioxid.  We  should  have  carried  the  treatment 
of  the  magnesium  farther  had  not  the  argon  at  last  become  enfficiently 
pare  to  subject  it  to  the  refrigerating  action  of  liquid  air,  and  it  seemed 
to  me  there  was  more  hope  of  tlnding  the  new  substance  in  the  tagon 
fVom  the  atmosphere  than  in  this  residue  of  magnesia,  which  it  would 
require  much  time  and  labor  to  work  np. 

Dr.  HampsoD,  the  inventor  of  a  very  simple  and  practical  machine 
for  the  preparation  of  liqnid  air,  which  is  based  upon  the  same  princi- 
ple as  that  of  Ilerr  Linde,  was  so  kind  as  to  place  large  quantities  of 
liquid  air  at  my  disposal.  In  order  to  become  acquainted  with  the  art 
of  working  with  so  nunsual  a  material,  I  asked  Dr.  Hampson  for  a 
liter;  with  this  Dr.  Travers  and  I  practiced  and  made  different  little 
ezperimeDts  to  prepare  ourselves  for  the  great  experiment  of  liquefy- 
ing argon. 

It  seemed  to  me  a  pity  to  boil  away  all  the  air  without  collecting  the 
last  reaidne;  for,  though  it  seemed  improbable  that  the  looked-for  ele- 
ment could  be  here,  yet  it  was,  indeed,  possible  that  a  heavier  gas  might 
accompany  the  argon.  This  suspicion  was  confirmed.  The  residue 
&om  the  liquid  air  consisted  chiefly  of  oxygen  and  argon,  and,  after 
removing  the  oxygen  and  nitrogen,  beside  the  spectrum  of  argon  were 
two  brilliant  lines,  one  in  the  yellow,  which  was  not  identical  with  Dj 
of  helium,  and  one  in  the  green.  This  gas  was  decidedly  heavier  than 
argon;  its  density  waB22.o  instead  of  the  20  of  argon.  We  had,  there- 
fore, discovered  a  new  body,  which  was  an  element,  for  the  ratio 
between  the  specific  heats  was  1.66.  To  this  element  we  gave  the  name 
"  krypton."  Up  to  this  time  we  have  not  followed  further  the  study 
of  this  element;  we  have,  however,  collected  and  preserved  many  resi- 
dues which  are  rich  in  krypton.  It  was,  however,  our  first  intention 
tn  examine  the  lightest  part  of  the  argon.  In  many,  however,  we 
remarked,  in  passing,  that  the  wave-length  of  the  green  line  of  krypton 
is  exceedingly  close  to  that  of  the  northern  lights,  being  6,570,  while 
the  latter  is  5,571. 

Our  whole  supply  of  argon  was  now  liquefied  In  the  following  manner: 
The  gasometer  containing  the  argon  was  connected  with  a  series  of 
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tubes  ill  which  the  gaa  passed  over  respectively  hot  copper  oxid,  con- 
centrated snlphuric  acid,  and  phosphoniH  pentoxid;  it  thenpaesed  bys 
two-way  cock  into  a  small  flask,  holding  about  30  cubic  centtmeters, 
vhich  was  iuclosed  in  a  Dewar  tube.  By  means  of  the  other  opening 
of  the  cock,  the  flask  was  connected  with  a  mercury  gasometer.  By 
means  of  a  U-shaped  capillary  and  mercury  trongh,  it  was  also  possi- 
ble, through  a  three-way  cock,  to  collect  the  gas  at  will  in  glass  tubes. 
About  50  cnbic  centimeters  of  liqaid  air  were  poured  into  the  donble 
walled  tube,  and,  by  means  of  a  Fleuss  air  pump  kept  constaDtly  in 
action,  the  liquid  air  boiled  at  10  to  15  millimeters  pressure.  The  argon 
liquefied  rapidly  as  soou  as  subjected  to  this  low  temperature,  and  in 
the  course  of  half  an  hour  it  was  completely  condensed.  Altogether 
there  were  about  25  cubic  centimeters  of  a  clear,  limpid,  colorless 
liquid,  in  which  floated  white  flakes  of  a  solid  substance.  By  stopping 
the  pump  the  pressure  over  the  liquid  air  was  now  increased,  and  the 
argon  boiled  quietly,  the  first  portions  of  the  gas  being  collected  in  the 
mercury  gasometer.  Changing  now  the  three-way  cock,  the  largest 
portion  of  the  argon  passed  back  into  the  iron  gasometer;  after  nearly 
all  the  liqnid  bad  boiled  away  and  only  the  solid  substance  was  left  in 
the  flask,  the  last  portions  of  the  gas  were  collected  separately.  The 
solid  snbstance  remained  persistently  in  the  flask;  it  was  slowly  vola- 
tilized by  means  of  a  Topler  pump,  which  stood  in  connection  with  the 
apparatus. 

We  first  directed  our  attention  to  the  lighter  fractions,  for  these  bad 
for  us  the  greatest  interest.  The  density  of  this  gas  was  found  to  be 
14.67 ;  the  ratio  between  the  specific  heats  was  as  usual  1 ,66,  and  the 
spectmm  showed,  beside  the  well-koowu  groupings  of  argon,  a  large 
number  of  red,  orange,  and  yellow  lines  of  varying  intensity.  Evidently 
we  had  before  us  a  new  element,  which  was  contaminated  with  argon. 

This  gas  was  then  liquefied  in  a  similar  apparatus  to  that  first  used, 
but  constructed  on  a  smaller  scale;  a  portion,  however,  remained 
UDCondensed.  Even  by  raising  the  reservoir  of  the  mercury  gasometer 
until  an  overpressure  of  au  atmosphere  was  reached,  it  was  impossible 
to  convert  all  the  gas  into  a  liquid,  although  the  temperature  of  the 
boiliug  air  was  reduced  as  low  as  possible  by  rapid  pumping.  By 
repeated  raising  and  lowering  of  the  reservoir  we  finally  passed  all  the 
gas  through  the  cooled  space,  in  order  to  free  it,  as  f^T  as  possible, 
from  argon.  The  uncondensible  gas  was  collected  by  itself,  and  the 
remainder  was  evaporated  into  another  gasometer. 

You  can  well  imagine  how  eager  we  were  to  know  what  the  density 
of  this  purified  gas  would  prove  to  be.  It  was  immediately  weighed- 
Our  satisfaction  can  well  be  realized  when  we  found  that  its  density 
was  9.76.  Since,  however,  ite  spectrum  at  low  pressure  still  showed 
argon  lines,  though  weak,  we  were  compelled  to  admit  that  this  number 
was  certainly  too  high.     It  was  impossible  that  this  gas  should  uot 
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contaiu  argon,  siucit  at  the  temperature  used  arj^oit  possessed  a  rneasor- 
able  VHpor  pressure. 

We  have,  therefore,  estimated  that  tbe  density  uf  the  pare  gas  is 
9.65.  Here  our  work  for*  tLe  time  was  ended  by  the  begiuoing  of  the 
summer  holidays. 

Ou  our  returu  we  resumed  the  study  of  this  gas,  wbicli  we  will  here- 
after designate  by  its  name  of  "neon."  Its  spectroni  was  jihotographed 
by  Mr.  Baly,  one  of  my  assistants,  by  means  of  n  spectrometer  whicii 
we  bad  constructed  during  the  vacation.  To  our  astonishment,  the 
lines  of  helium  were  easily  recoguixed.  A  comparison  photograph 
showed  thill  beyond  all  (juestion.  lieuco  tite  density  of  the  gas  was  in 
all  probability  too  low,  owing  to  tbe  presence  of  the  helium.  Since 
now  the  temperature  used  was  iusulticieut  to  liquify  the  neon,  and 
since  tbe  argon  had  been  removed  as  far  as  possible,  we  bad  to  face 
tbe  iiroblem  of  how  one  could  free  neon  from  its  accompanying  impuri- 
ties. A  means  was  found  in  its  solubility.  It  is  well  known  that  the 
solubility  of  those  gases  which  do  not  react  chemically  with  the  solvent 
follows  in  general  the  same  order  as  tbeircondensibility.  According 
to  this  helium  should  have  a  lesser  sobibility  than  neon,  and  neon  than 
argon.  Ibe  solubility  of  these  gases  in  water  is,  however,  too  slight 
to  be  available  for  their  8e[»aratioo.  We  have,  therefore,  used  liquid 
oxygen  as  a  solvent.  This  mixes  with  all  three  gases  and  boils  at  a 
temperature  not  far  from  the  boding  point  of  argon.  We  therefore 
mixed  the  gas  with  sulDcient  oxygen  to  be  almo.st  wholly  condensed  at 
the  temperature  attiuned  by  boiling  air  at  the  lowest  possible  prcHsure. 
The  uncoudensed  portion,  about  one-lifth  of  the  whole,  was  separated 
and  collected  as  that  richest  in  helium;  the  middle  portion  we  con- 
sidered as  purified  neon,  while  the  remainder  consisted  of  a  mixture  of 
argon  and  neon;  naturally,  all  these  [tortious  contained  oxygen  in 
larger  or  smaller  (juantities. 

After  the  removal  of  the  oxygen,  which  was  accomplished  by  passage 
over  hot  copper  filings,  we  deteriiiiued  the  density  and  refraetivity  of 
tbe  middle  portion.  The  density  in  two  <leterminations  was  10.(>4  and 
10.19;  the  second  figure  was  obtained  after  passing  the  electric  spark 
through  the  gas  mixed  with  oxygen  in  the  presence  of  caustic  potash 
and  subsequent  removal  of  the  oxyyeu  by  phosphorus.  The  entire 
quantity  weighed  was  only  .'iU  cubic  centimeters  at  a  pressure  of  250 
millimeters.  The  weight  was  U.OUU^  gram.  I  mention  these  figures  in 
order  to  show  with  what  an  exceedingly  small  quantity  of  gas  it  is 
possible  to  carry  out  a  very  satisfactory  density  determination. 

The  refraetivity  of  this  jwrtion  with  reference  to  the  air  as  unity  was 
0.338.  This  portion  still  showed  tbe  spectra  of  argon  and  helium,  and 
waB,  therefore,  submitted  to  a  second  purification,  in  which  the  heavier 
part  was  more  completely  removed  than  the  lighter.  Even  this  purifi- 
cation, however,  did  not  remove  all  the  argon,  but  its  (iuantity  was 
SM  98 18 
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(lecKledly  diioitiished.  Tbe  deDeiCy  was  somewhat  dimiDished,  and 
helium  was  stronger  in  the  spectrum.  The  entire  auionut  of  ueon  bad 
become,  by  these  operations,  so  divided  up  that  it  was  not  possible  to 
carry  out  a  further  purification  without  preparing  a  greater  quantity 
of  crude  ueuii.    On  this  Dr.  Travers  aud  1  are  at  present  engaged. 

In  the  meantime  Mr.  Itaiy  has  made  exact  measuremeats  of  tbe  lines 
of  tbe  neon  spectrum,  at  the  same  time  eliminating  all  the  lines  which 
belong  to  argon  and  to  helium  by  superposed  plates.  Thevalnea  were 
compared  with  iron  lines  photographed  upon  tbe  same  plate,  and  the 
measurements  were  carried  out  by  means  of  different  pairs  of  these 
known  lines.  The  most  important  lines  are  the  following: 
Mott  important  liHfs  o/tha  ntw  tptctrum. 


(BU(       SKM       «a:ia 


'  Tfa«  third  fl^ure  In  thia  number  Is  probibl^  ■  iDlsprlnt  <Tr). 

Up  to  tbe  present  we  have  had  little  time  to  study  thoronghly  tbe 
other  companion  of  argon  in  the  atmosphere.  Dr.  Travers  and  I  have, 
however, worked  upon  it.  Thebeavierfractioiiof  theair  containsthree 
gases,  one  of  which  api^ars  very  perplexing.  We  have  named  it 
"metargon."  This  gas  remains,  mixe<l  with  excess  of  argon,  after  the 
evaporation  of  li<|uid  air  or  argon.  Up  to  this  time  we  have  not  suc- 
ceeded in  obtaining  it  in  a  condition  free  from  argon.  Its  peculiarity 
is  that  when  it  is  mixed  with  oxygen  and  subjected  to  the  influence  of 
the  electric  spark  in  presence  of  caustic  potash  it  shows  constantly  the 
"  Swan  spectrum  "  as  of  carbon  monoxid.  We  have  treated  a  mixture 
of  carbon  monoxid  and  argon  in  a  similar  way,  and,  after  fifteen  miiintes 
sparking,  all  the  carbon  had  disappeared;  in  a  Plucker  tube  no  trace 
of  the  carbon  spectrum  could  be  recognized.  I  will,  however,  not  yet 
venture  to  express  an  opinion  as  to  the  nature  of  this  gas.  It  needs 
Airther  investi;;atiou,  aud  for  this  at  present  we  have  no  time. 

As  regards  krypton,  whicli  is  distinguished  by  three  brilliant  lines, 
'  one  in  red,  one  in  yellow  and  one  in  green,  we  are  in  much  tbe  same 
position.  We  have  collected  a  considerable  quantity  of  the  impure  gas, 
which  shows  the  spectrum  finely,  although  that  of  argon  is  also  present. 
We  hope  that  we  shall  soon  be  able  to  pursue  this  portion  of  oar  work 
further.  We  can  merely  note  here  tliat  the  specific  gravity  of  the  gas 
which  shows  this  spectrum  in  such  a  marked  way  is  not  far  different 
from  that  of  argon. 

The  heaviest  of  these  gases  we  have  weighed,  although  in  impure  con- 
dition. Its  density  is  .VJ.ii.  I  need  not  call  your  attention  to  tbe  fact 
that  there  is  apace  for  an  element  of  the  helium  group  between  bromln 
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and  rtibidiani.  Sacli  au  element;  afaoald  have  an  atomic  weight  of  81 
to  J43,  wbiitb  corrospoiids  to  a  density  of  40.5  to  41.5,  aiider  the  very 
probable  supposition  that,  like  theothergaBesof  thisgroap,  itismona- 
tomic.  The  spectram  of  tlii.'^  gus,  which  we  have  named  "xenon" — the 
stranger — haa  many  lines;  none  of  these  are  of  markeil  intensity,  and 
in  this  resjiect  the  si>ectruiu  resembles  somewhat  that  of  argon.  It  is 
also  analogoas  to  argon  in  another  particular,  that  the  spectrum  under- 
goes a  remarkable  change  when  a  Leyden  jar  is  pnt  into  the  circuit. 
As  with  argon,  many  new  blue  and  green  lines  appear,  while  other 
lines,  mostly  in  the  red,  either  disappear  or  lose  much  of  their  intensity. 
Further  than  this  we  have  not  proceeded  in  studying  xenon ;  for  our 
attenton  hax  been  given  chiefly  to  neon,  as  well  as  to  a  problem  regard- 
ing argon. 

We  have  repeatedly  met  the  question:  "Are  the  proi>ertie8  of  argon 
not  appreciably  changed  by  the  presence  of  this  new  gasT'  la  order 
to  settle  this  question  we  have  ftuctioned  25  cubic  centimeters  of  liquid 
argon  several  times  and  have  collected  separately  about  200  cubic  centi- 
meters of  the  lightest  and  as  much  of  the  heaviest  fraction.  This 
operation  was  repeated  three  times  By  this  means  we  hoped  to  have 
removed  the  greatest  part  of  the  neon,  krypton,  metargou,  and  xenon. 
Then  we  liquctied  the  argon  a  fourth  time,  and  as  it  boiled  away  col- 
lected six  samples,  each  after  one-fifth  of  the  whole  quantity  had  ' 
cvuporated.  These  samples  were  carefully  purified  and  weighed.  The 
density  referred  to  0=10  and  the  refractivity  to  air  =1  are  as  follows: 


1     Kintt 

Second.... 

1K-9S 

u.vs 

1  pffih'.::: 

IB.BT 

The  first firactioD  possesses,  as  appears  fhjm  the  table,  a  lower  density 
and  also  a  lower  refractivity.  Theother  fractions  vary  very  little  from 
etuih  other.  Since  the.se  determiuatious  were  made  by  using  only  ItO 
cubic  centimeters,  we  have  weighed  160  cubic  centimeters  of  the  fifth 
and  sixth  fractions.  The  first  determined  density  of  the  fifth  fraction 
was  19.93.J,  but  at  a  pressure  of  5  millimeters  the  spectrum  of  nitrogen 
was  easily  recognizable  in  a  PlUcker  tube.  After  the  gas  had  been 
again  purified  by  sparking,  until  all  the  nitrogen  had  been  removed, 
the  density  was  19.957.  In  two  experiments  the  fourth  fraction  of  gas 
gave  19.952  and  19.961.  We  must  then  accept  the  true  density  of  argon 
as  not  far  from  19.96.  Independently  Lord  Rayleigh  and  I  found  the 
deusity  of  argon  to  be  19.94;  so  it  is  clear  that  the  impurities  of  neon' 
and  the  heavier  gases  have  little  induence.    The  somewhat  greater 
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density  of  pare  argon  arises  trom  tbe  fact  that  the  neon,  which  is  the 
chief  impurity  present,  has  been  removed;  the  induence  of  the  other 
gases  can  not  be  recognized,  owing  to  the  insignificant  quantities 
present.  In  fact,  in  15  liters  of  argou  we  found  do  appreciable  trace  of 
xenon ;  it  can  be  prepared  only  OQt  of  large  quantities  of  liqaid  air. 

£  must  take  this  opportunity  of  thanking  you  most  sincerely  for  the 
honor  you  have  done  me  In  inviting  me  to  deliver  this  address.  It  has 
been  said  by  some  scientist  that  tbe  greatest  Joy  of  life  lies  in  discover- 
ing something  which  is  new.  There  is,  however,  another  joy  almost 
equally  great,  that  of  making  known  the  results  of  an  investigation  to 
one's  fellow -scientists.  This  joy,  my  friends,  you  have  given  me  to  an 
extreme  degree,  and  for  this  I  express  to  you  my  warmest  thanks. 
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THE  KINETIC    THEORY  OF   GASES   AND  SOME  OF  ITS 
UON SEQUENCES. ' 


By  William  Kamsay. 


"Flowor  ill  tbocr&DDJed  wall, 
I  i>lnck  yo  i  ont  i>r  tb<-  cranniee; 
Hold  joii  horp,  root  &Dd  all,  in  my  band, 
Little  DowfT— but  if  I  could  underataDd 
What  ;ou  are,  root  uod  all,  and  all  in  all, 
I  should  know  nliat  God  and  man  in."  '  * 

Tbongli  Science — Science  with  a  capital  S — is  ofteo  contrasted  with 
Art — Art  with  a  capital  A ;  though  the  former  is  heUl  to  be  dry  and 
1111  attractive,  while  (be  latter  stirs  the  imagination  and  arouses 
"thoughts  that  breathe  and  word»  that  burn;"  yet  the  tbilower  of 
science  now  and  then  is  rewarded  for  his  toil  by  an  ordered  8e<]ueiice 
which  appeals  to  the  imaginative  aide  of  his  nature,  no  less  than  the 
rhythmic  harmony  of  poetry,  or  the  measured  cadences  of  music. 
Indeed,  it  is  not  impossible  for  the  poet  to  express  better  than,  and  as 
truly  as  in,  the  pages  of  the  Philosophical  Transactions  the  highest 
generalizations  of  science.  In  this  Tennyson  stands  unrivalled.  Take, 
for  example,  the  stanzas: 

'/There  rolla  the  deep  wboregrew  the  tree, 
O  eHFtta,  what  t'baiigfebaat  thou  Keen ! 
Then-  uhure  Ihc  loiif{  ttieet  roars,  linth  been 
The  Btilliiuax  of  the  central  Sfa. 

The  hillH  are  Hhadown,  and  thny  flow 
t>oiii  forra  to  form,  and  nothiu);  ataiide; 

Tlio.v  KK'lt  liki'  Diiet,  tbe  a<ili(l  laodf, 
Liki'  I'loiidn  they  shape  Iheajaelvee  aud  gn." 

It  contains  an  ejiitome  of  the  whole  of  geology.    The  ecieuce  is  mere 
elaboration  of  the  ideas  contained  in  Tennyson's  beautiful  verses. 

The  difficulty  in  gaining  tbe  appreciation  of  the  "general  public"  is 
in  presenting  the  ideas  in  intelligible  laugaaga  That  the  scientific  and 
the  romantic  are  sometimes  closely  intermingled  is  iodisputable;  but 
the  romance  is  one  wliich  api>eals  to  few.     In  the  following  pages  an 

>  Reprinted  from  Thu  Conti'mpoTary  Review,  November,  1898,  by  permisBioii  of  the 
Leoniird  Scott  Publication  Compuny. 
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ivttem|it  will  be  made  to  show  how  the  thoughts  of  many  ni«ii,  each 
striving;  to  "iucrease  untaral  knowledge,''  aa  the  formulii  of  admission 
to  ttie  Koyal  Society  runs,  have  led  to  a  discovery  of  some  iuterent — 
that  of  a  hitherto  unsiiapected  constituent  of  atmospheric  air. 

The  Kouian  i>oet  Lucretius,  a  friend  and  wntemporary  of  Cicero, 
was  the  author  of  a  imem  entitled  "De  Uenim  Natnra"  ("On  the 
Nature  of  Things").  In  this  poem,  which  treats  of  almost  all  things 
^  in  heaven  and  earth,  he  argues  that  the  atoms,  the  existence  of  which 
is  obvious  because  one  sees  them  in  a  cone  of  light  passing  through  a 
dark  room,  fall  rapidly  together  in  their  dancing  cx>urse  throughout 
the  spheres,  and  by  their  collision  engender  all  known  things.  Their 
paths  are,  however,  not  directed,  but  fortuitous;  and,  therefore,  the 
world  is  the  proilnct  of  chauce. 

Passing  over  many  centuries,  we  dnd  Boyle,  in  the  reign  of 
Charles  II,  suggesting  that  the  difference  between  different  kinds  of 
matter  is  to  be  explained  by  the  nature  and  the  motion  of  the  particles 
or  atoms  of  which  they  are  composed.  The  region  of  spci^ulatiou  waa 
narrowed  when  Daniel  Bernoulli,  in  1738,  attempted  to  account  for  the 
law,  due  to  Boyle,  that  the  volume  of  gases  varies  inversely  with  the 
pressure  to  which  they  are  exposed;  and  similar  attempts  were  made 
by  HerapatU  in  1821,  and  by  Joule  in  1851:  Their  ideas  were  systema- 
tized by  Olausins  in  18u7  under  the  name  of  the  "  Kinetic  Theory  ol' 
Gases.'" 

Briefly  stated,  the  theory  is  this:  Granted  that  in  gases  the  par- 
ticles— or,  as  they  are  now  termed,  the  molecules — of  which  they  cod- 
sist  are  widely  s<'parat«d  from  each  other,  and  that  the  pressure  which 
the  gas  exerts  on  the  sides  of  any  vessel  in  which  it  may  lie  contined — 
a  pressure  which  may  be  realized  by  pumping  away  the  air  outside  the 
vessel,  when,  if  the  vessel  is  constructed  of  yielding  material,  such  as 
bladder,  it  will  distend,  and  ultimately  burst — is  caused  solely  by  the 
bombardment  of  the  molecules  of  gas  on  the  walls.  It  is  at  the  first 
blush  not  very  easy  to  conceive  of  a  steady  pressure  being  due  to  an 
enormous  number  of  impacts  irregularly  delivered.  But  there  are 
many  analogies  which  help  to  form  the  concept'on.  For  instance,  a 
musical  note,  which  may  strike  us  as  of  the  atmost  smoothtiess  and 
uniformity,  is  in  reality  the  result  of  a  succession  of  blows  on  the 
tympanum  of  the  ear,  each  following  the  preceding  one  too  rapidly  for 
onr  ears  to  distinguish  the  break  in  continuity.  In  a  similar  manner 
the  pressure  of  a  jr"8  is  accounted  for, .  And  the  temperature,  a  rise  in 
which  also  increases  the  pressure  of  a  gas  on  the  walls  of  a  vessel  con- 
taining it,  is  attributed  to  the  increased  velocity  of  the  molecules  of 
the  gas.  Now,  for  simplicity's  sake,  considering  a  blow  given  by  only 
one  molecule,  the  force  of  the  blow — to  use  a  rough  expression  which 
will  serve  the  purpose — will  depend  not  merely  on  the  rate  at  which 
that  mole--  '  '  ^"ing,  but  also  on  the  weight  of  that  molecule.  So 
'at  a  li,  *vith  a  high  rate  of  motion  may  deliver  as  forcible 


:q,t7,:rb;G00l^lc 


THE    KINETIC   THEORY   OF   GASES.  279 

a  blow  as  a  heavy  molecale  with  a  slower  rate  of  motiou.  By  Clangius's 
tiyiiotbeub,  the  tem|>eratarea  of  two  gases  are  believed  to  be  equal 
when  the  products  of  their  maBses  iuto  the  ai(uare  of  their  rates  of 
motiou  are  et)aal.  This  is  uot  (^uite  the  same  thing  as  sayiug  "when 
th^  force  of  the  blows  they  give  is  equal,"  but  it  may  be  takeu  as  con- 
nected with  it. 

SuptHtsiiig,  ttieD,  that  two  gases  are  nt  the  same  temperature — that 
when  ]ila4'ed  in  rotitact  neither  gives  up  heat  to  the  other — then  the 
product  above  mentioned  must  be  e<iual  for  both.  For  it  is  obvious 
that  the  apecifictilly  lighter  g&s  mast  have  the  higher  velocity;  that  is, 
the  molecules  must  be  eudowed  with  a  higher  rate  of  motion. 

What  is  that  rate  of  motion  f  Claueius  wits  able  to  answer  that  ques- 
tion :  A  molecule  of  hydrogen,  the  lightest  gas  known,  if  it  moved  iu  a 
straight  line,  uniuipeded  in  its  motion  by  collision  with  any  other  mole- 
cules or  with  any  solid  body,  would  pass  throngh  uo  less  than  a  mile 
and  a  quarter  in  a  second.  And  a  molecule  of  oxygen  equally  free  to 
move  would  travel  through  space  with  a  velocity  of  rather  less  than 
one-  third  of  a  mile  per  second.  The  relative  rates  of  mntton  are  there- 
fore ill  inverse  proportion  to  the  square  roots  of  the  densities  of  the 
gaseH.  Thus,  as  oxygen  is  sixteen  times  as  heavy  as  hydrogeu,  a 
molecule  of  hydrogen  would  move  through  space  in  a  straight  line, 
were  it  free  to  do  so,  at  a  rate  four  times  as  great  as  that  at  which  a 
molecule  of  oxygen  moves. 

These  rates  of  inotion  are  (calculated  for  the  temperature  of  melting 
ice.  But  as  the  effect  of  rise  of  temperature  is  to  quicken  the  rate  of 
motion  of  molecules  of  gases,  so  fall  of  temt>eratnre  will  cause  a 
decreased  velocity.  The  question  arises:  Is  there  any  possibility  of  so 
lowering  temperature  that  the  motion  of  such  moviug  molecules  will 
cease  1  Judging  by  the  rate  at  which  the  pressure  of  a  gas  decreases 
with  fall  of  temperature,  there  is.  That  temperature  has  been  called 
the  "absolute  zero  of  temperature;"  it  lies  273°  below  the  melting 
point  of  i(»«  on  the  centigrade  scale,  or  at  — 4G0^  on  the  Fahrenheit 
scale,  the  one  coiunioaly  iu  use  in  this  country.  This  temperature  has 
not  been  reached;  it  is  uuhkely  that  it  will  ever  be  reached;  but  an 
approach  has  recently  been  made  to  it  by  liquefying  hydrogen  gas  and 
allowing  it  to  boil  at  the  atmospheric  pressure.  The  temperature 
reached  in  this  manner  is  about  —2i'd°  C. ;  and  Professor  Dewar,  who 
has  recently  succeeded  in  liquefying  hydrogen  in  quantity,  will  no  doubt 
be  able  to  produce  u  still  lower  temperature  by  causing  the  liquid 
hydrogen  to  boil  in  a  vessel  connected  with  au  air  pump,  so  that  the 
pressure  is  reduced.  For,  just  as  raising  the  pressure  raises  the  boil- 
ing point  of  a  liquid,  as  exeniplihed  in  the  boiler  of  a  steam  engine, 
so  lowering  the  pressure  towers  the  boiling  point. 

It  is  now  many  years  since  Dr.  Johnstone  Stoney  applied  the  kinetic 
theory  of  gases,  in  a  series  of  pajiers  read  before  the  Iloyal  Dublin 
Society,  to  the  question  of  the  existence  of  atmospheres  on  planets  and 
satellites.     If  a  molecule  happens  to  be  moving  on  the  surface  of  a 
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pinnet  at  a  rate  whicli  would  carry  it  away  from  tlie  plaiiet  more  rapidly 
thnii  the  plniiet  can  draw  it  haxfii,  ttiat  molecnte  will  escape  into  space. 
It  is  not  tlieoreticiilly  imi>oa8ib!e,  although  priwitirally  iinreaiizable,  to 
ciinatnict  a  gun  whii-h  would  lire  a  bullet  vertically  into  the  air  at  siicfa 
a  rate  that  the  bullet  nught  never  return  to  the  earth.  What,  then, 
would  occur  to  iti  Well,  it  would  wander  on  tlirougli  space  as  a  little 
planet,  |>erforniiug  an  ellipse  round  tbe  --un,  as,  iudeed,  many  ai^rolites 
or  "shooting  .stars''  are  known  to  do.  It  might,  indeed,  chance  to 
come  within  the  range  of  nttraction  of  some  planet — e.  g.,  Jupiter — 
massive  enough  to  hold  it;  or  it  might  actually  fall  on  the  surface  of  a 
pinnet;  in  the  former  ea.se,  it  would  act  like  a  little  satellite,  and  revolve 
round  that  piiinet,  as  the  numerous  stones  of  which  Saturn's  rings  are 
composed  revolve  round  Saturn;  in  the  latter  case,  it  would  simply 
become  part  of  that  planet,  as  tbe  falling  stars  wbicb  reach  tbe  earth 
form,  after  tbeir  fall,  a  |K>rtiou  of  the  earth. 

The  molecule  of  gas,  which  we  have  been  considering,  differs  in  no 
particular  from  a  bullet  in  its  wanderings  or  in  its  fate.  If  it  chance 
to  come  withiu  tbe  sphere  of  attraction  of  a  planet  of  sufficient  mass 
to  retain  it,  it  will,  according  to  Dr.  Stoney,  form  part  of  that  planet's 
fltmoHphere.  If  not,  it  will  wander  on,  until  it  may,  by  chance,  come 
near  enough  to  tbe  sun  to  fall  a  victim  to  its  enormous  attractive  force, 
and  it  will  then  become  part  of  the  sun's  atmosphere. 

Dr.  Stoney  has  summed  np  the  results  of  various  inquiries  of  this 
kind  in  u  memoir  entitled  Of  Atmosphere  upon  Planets  and  Satellites. ' 

One  important  point  has  been  omitted  in  the  sketch  given  of  the 
kinetic  theory.  It  is  this:  When  it  was  said  that  a  molecule  of  oxygen 
moves  at  the  rate  of  about  one-tliird  of  a  mile  per  second,  it  was  not 
implied  that  nil  molecules  are  moving  at  that  rate.  Some,  urged  on 
by  collisions  from  behind,  acquire  a  much  more  rapid  rate;  others, 
hindered  in  their  motion  by  collisions  with  other*  molecules  moving 
more  slowly  than  themselves,  or  in  an  opposite  direction,  have  their 
rate  of  motiou  decreaseil.  A  gas  must  be  conceived  as  composed  of 
an  almost  intiuite  number  of  such  molecules,  Jostling  each  other  in 
every  conceivable  way.  The  rate  of  one-third  of  a  mile  per  second, 
deduced  by  Clausius  as  the  average  rate  of  motion  of  a  molecnie  of 
oxygen,  must  be  understood  to  mean  that  if  all  the  rates  of  motion 
were  to  be  balanced  out,  so  that  the  swiftly  inoving  molecules  gave  np 
some  of  their  motion  to  the  slowly  moving  molecules,  and  vice  versa, 
the  molecules  would  all  be  moving  at  the  above  mentioned  rate.  But 
it  mast  be  distinctly  l)orne  in  mind  that  this  imaginary  8tat«  of  things 
never  occurs.  There  are  always  many  molecules  moving  faster,  many 
slower,  than  the  averiige. 

1  find  in  my  own  ease  that  it  helps  greatly  to  a  clear  understanding  of 
such  a  conception  as  tliat  of  which  a  short  account  baa  been  given  if 
a  mental  picture  can  be  called  up  which  will  illustrate  the  conception, 

"'iioyat  DiibliD  Society,"  Viil.  VI,  November,  1897,  pp.  305-^28. 
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although  even  imperfectly.  iSonie  SQcb  iiiclure  may  be  formed  by 
tliinkiiig  of  (be  inutions  of  the  players  in  a  game  of  football.  At  a 
eritical  point  in  the  gairie  the  players  are  rtiniiiug,  some  this  way,  some 
that;  one  has  picked  up  the  ball  and  is  running  with  it,  followed  by 
two  or  throe  others;  while  players  from  the  opposite  wide  are  slanting 
toward  him,  intent  upon  a  collision.  Tbe  backs  are  at  rest,  )>erbaps; 
but,  on  the  approach  of  the  ball  to  the  goal,  they  cjuickeu  into  activity, 
and  the  throng  of  hnmaii  molecules  is  turued  and  pursues  an  opposite 
course.  The  failure  of  this  analogy  to  represent  what  is  believed  to 
occur  in  a  gas  is  that  the  players'  motion  is  directed  and  has  a  pnr- 
jHise;  that  they  do  not  move  in  straight  lines,  but  in  any  curvea  which 
may  suit  their  jturpose;  and  that  they  do  not,  as  two  billiard  balls  do, 
commuiiii-ate  their  rates  of  motion  one  to  the  other  by  collision.  But, 
making  suoh  reservations,  some  idea  may  be  gained  of  tbe  encounters 
of  molecules  by  the  encounters  in  a  football  field. 

In  considering  averages,  it  i»  clear  that  there  must  be  a  practical 
limit  on  both  sides  of  the  mean.  If  a  man  throws  dice,  he  may  tnrn  np 
sixes  thrice  in  saccessiou,  or  some  greater  number  of  times,  by  chance; 
hot  it  is  clear  he  will  not  go  on  throwing  sixes  forever,  though  tbere  is 
no  absolute  reason  why  be  sbonlit  not.  .Similarly,  in  tbiukiug  of  tbe 
rate.s  of  motion  of  molecules,  there  will  be  a  piaettcal  limit  of  rate  at 
which  any  one  molecule  will  move.  It  is  unlikely  that  any  one  mole- 
cule will  cease  to  move  for  any  ap|»reciable  time;  and  it  is  uulikely, 
too,  that  any  one  molecule  will  develoj)  any  eseeptioually  rapid  veloc- 
ity, say  twenty  times  the  mean.  Still,  such  events  may  conceivably 
occur;  lliey  will,  however,  be  very  infretjoeut. 

Those  gases  which  are  light,  and  wliose  molecules  have  a  liigh 
intrinsic  average  rate  of  motion,  will,  in  the  nature  of  things,  contain 
some  molecules  which  happen  to  be  moving  at  a  high  s)>eed;  and  neces- 
sarily will  contain  more  such  tlian  a  gas  of  higher  deusity,  the  average 
rate  of  motion  of  whose  molecules  is  slower.  It  may  happen  that 
molecules  of  each  kind,  of  gas  with  low  as  well  asof  gas  of  high  deusity, 
may  iio8.sess  .sueli  exceptionally  high  velocity  at  tbe  confines  of  our 
atmosphere,  where  there  are  comparatively  few  gaseous  molecules 
altogether;  and  it  may  also  happen  that  these  molecules  are  moving 
in  a  direction  more  or  less  nearly  perpendicular  to  the  surface  of  the 
planet,  and  it  may  also  liapi>en  that  sucU  mulecnles  sufTer  no  collisions 
in  their  veitical  path;  if  these  events  all  bap[)eu,  tlie  molecules  will 
esciipe.  Hut  as.  on  the  doctrine  of  chances,  tbere  are  more  molecules 
of  light  gas  endowed  with  such  exceptionally  high  velocity  than  there 
are  of  heavy  gas,  more  molecules  of  the  former  will  escape  uway  from 
the  neighborhood  of  the  planet  and  enter  fn.'e  space  !ia  independent 
entities  thau  of  tlie  latter. 

Such  a  [irocess,  prolonged  over  ages,  will  iiltiinalely  remove  from 
the  atmosphere  of  a  planet  all  gases  iKisseasiug  less  than  a  certain  mitii- 
mum  density. 
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The  next  qnestiou  to  which  Dr.  Stoney  addresses  himself  is:  What 
rate  of  motion  nnist  a  molecule  have  in  order  that  it  may  escape  from 
the  attraction  of  the  earth  *  The  least  velocity  which  will  enable  such 
a  molecule  to  (;scai>e  is  about  7  miles  per  second.  And  it  is  assamed, 
from  observations  taken  at  high  altitudes,  that  the  temperature  of  the 
npper  regions  of  the  atmosphere  is  about  —  fiO"  C.  or  about  — 87*^  F, 

This  velocity  of  7  miles  a  second  is,  however,  considerably  greater 
than  the  average  velocity  of  a  molecule  of  hydrogen,  which,  at  31.'°  F,, 
it  will  be  remembered,  is  only  about  a  mile  and  a  quarter.  Bat  it  ia 
not  greater  than  the  velocity  of  some  of  the  molecules;  and  these  will 
therefore  escape.  In  fact,  Dr.  Stouey  coocludes  that  in  every  gas  a 
considerable  proportion  of  the  molecules  have  a  \'eIocity  at  least  t«ii 
times  H-s  great  as  the  mean. 

!Now  on  this  earth  the  important  constituents  of  the  atmosphere  are 
nitrogen,  oxygen,  argon,  carbon  dioxide,  water  vapor,  and  ammonia; 
and  their  densities  are  as  follows,  that  of  hydrogen  being  taken  as 
unity ; 

Nitrogen U 

Oxygen 16 

Argon - 20 

Carbim  diosMe 22 

Water  iiaa 9 

AinnioDiu 8.5 

We  are  here  chiefly  concerned  wirh  the  gases  of  the  earth's  atmos- 
pliere:  but  it  may  be  of  interest  to  cast  a  glance  at  other  coiicluaiouB 
which  follow  from  Dr.  Stouey's  speculations. 

The  moon,  i^he  mass  of  which  is  mnch  less  than  that  of  the  earth, 
would  retain  a  gas  of  density  40,  or  thereabouts;  but  all  less  dense 
gsises  would  es(;a))e  rapidly,  {''rom  the  planet  Mercury  water  vapor 
would  at  once  escape,  and  it  is  probable  that  both  nitrogen  and  oxygen 
would  escai>e  more  slowly.  Argon  and  carbon  dioxide  might,  however, 
be  permanent  constituents  of  the  atmosphere  of  Mercury.  Venus,  on 
the  other  tiaud,  retains  water  vapor;  but  lighter  gases  would  esca|>e. 
It  must  be  remembered  that  if  the  water  were  to  escape  from  a  planet 
in  the  state  of  vapor,  it«  |ilace  would  be  at  once  supplied  by  evapora- 
tion of  planetary  seas,  if  there  were  any,  aud  that,  in  the  long  run,  all 
the  water  would,  in  the  state  of  gaa  or  water,  leave  the  planet. 

Indeed,  Dr.  Stoney  thinks  it  not  unlikely  tliat  we  are  slowly  losing 
our  stock  of  water.  This,  however,  need  excite  no  alarm,  and  our 
water  will  probably  otithist  our  <-oaI  many  millions  of  years.  For  so 
few  of  the  molecules  of  water  comply  with  the  required  standard  of 
velocity  that  the  rate  of  loss  is  almost  influitesinially  small. 

Similarly  Dr.  Stitney  conjectnreH  that  water  can  not  remain  ou  Mars; 
that  all  known  gases  would  be  impntsoui'd  by  Jupiter;  and  that  Saturn, 
Uranus,  and  Neptnne  may  probably  be  able  to  retain  all  gases  heavier 
than  hydrogen.    As  tor  the  sun,  its  mass  is  so  enormous  relatively  to 
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tliat  of  the  planets  tbat,  even  nt  tbe  exe«edjitglf  high  temperatare 
which  it«  atuio8|»here  poHKttsses,  it  is  imiioBsiblH  for  aoy  known  gas  to 
rtMiinve  itself  l^m  the  Deighborhood  of  the  luminary. 

We  muBt  now  take  leave  of  Dr.  Stouey's  fascinating  hypotheses  for 
a  time,  and  considtr  the  recent  discoveries  of  ^'aseous  constitueute  of 
our  atmosphere. 

After  the  dia<wvery  of  argon  an  a  constituent  of  air  in  1894,  one  of 
the  discoverers,  acting  on  advice  given  bim  by  Professor  Miers,wa8  so 
fortunate  as  to  isolate  helium,  a  ga.s  contained  in  certain  raie  minerals, 
tbe  be^t  known  of  which  bears  the  name  of  cleveite.  Helium  had 
previously  bfeen  detected  in  the  diromosphere,  the  colored  atmosphere 
of  the  suu,  by  M,  .lanHxen,  the  well-known  French  a^Jtronomer;  nod  its 
name  was  suggested  by  Messrs.  I^^ankland  and  Ix>ckyer,  in  18(18,  to 
characterize  the  brilliant  yellow  line  by  which  its  presence  in  the  son 
is  revealed.  Neither  of  these  elements  has  been  combined  with  others, 
although  it  is  itosHible  tbat  each  exists  in  combination  with  oue  or  more 
of  the  elements  contained  in  the  minerals  from  which  hebam  can  be 
obtainedby  heating,  for  it  bas  been  found  that  small  quantities  of  argon, 
along  with  consiilerable  <iuanttties  of  helium,  are  evolved  from  snch 
minerals.  Again,  both  of  these  elements  possess  one  curious  property, 
which  they  share  with  gaseous  mercury  alone,  so  far  as  is  known,  amoiig 
all  elements.  That  is  tecbnically  called  the  ratio  between  tbeir  specitic 
heats  at  constant  pressure  and  at  coDStaut  volume.  It  would  bedillicult 
here  to  set  forth  the  reasoning  by  which  itis deduced  that  inasmuch  as 
the  ratio  for  these  giises  is  lij  to  1  between  specitic  heat  at  constant 
pressnre  and  at  constant  volume,  the  molecules  of  these  elements, 
unlike  those  of  oxygen  and  bytlrogen  and  the  other  commoner  gases, 
but  like  those  of  mercury  gas,  consist  not  of  agglonierations  of  two  or 
more  atoms,  bat  of  single  atoms.  These  characteristics  at  once  estab- 
lish a  connection  between  the  two  elements  helium  and  argon,  and 
differentiate  tbem  in  kind  from  all  other  gaseous  elements. 

Mow,  taking  the  density  of  hydrogen  as  unity,  tbat  of  helium  is 
very  nearly  2,  and  tbat  of  argon  'M.  And  one  of  the  conclusions  wbicb 
follows  from  tbe  Kinetic  theory  of  gases  is  that  eipial  volumes  of  gases 
contain  equal  numbers  of  molecules.  Thus  tbe  fact  that  helium  is 
twice  as  heavy  as  hydrogen  carries  with  it  the  conclusion  that  a  mole- 
cule of  helium  is  twice  as  heavy  as  a  molecule  of  hydrogen,  whatever 
the  absolute  weight  of  tlie  latter  may  hv>. 

Now,  it  can  be  demonstrated  that  there  is  a  strong  probability  in 
favor  of  tbe  assumption  that  a  molecule  of'  hydogen  consists  of  two 
atoms,  inseparable  from  each  other  unle^^s  by  combination  with  some 
other  element.  Aud  if  a  molecule  of  helium  consisting  of  one  atom  is 
twice  as  heavy  as  a  molecule  of  bydrogeu  crmsisting  of  two.  then  it 
follows  tliat  an  atom  of  helium  is  four  times  as  heavy  as  an  atom  of 
hydrogen;  iu  other  words,  the  atomic  weight  of  helium  is  4,  thatof 
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byclmgeu  lieing  t»ken  as  1.  Similar  reasoning  proveti  the  atoraio 
weight  of  argon  to  be  40,  from  the  known  fa«;t  that  it  ia  twenty  times 
as  heavy  an  hy(lnigt>n.  Moreover  it  is  noteworthy  tliat  the  difference 
between  Mieee  numbers  4U  nn<l  4  is  3i>. 

Mr.  John  Newlaiids,  whose  recent  deAtli  is  deplored  by  the  scientific 
world,  as  long  ago  as  ISflt  brought  forwnrd  what  he  termed  a  "law  of 
octaves.''  ItconsiKted  in  arranging  the  numbers  which  represent  the 
atomic  weights  of  the  elements  in  seven  rows,  beginning  again  with  the 
eighth  element,  so  that  its  atomic  weight  (K'cupies  a  position  in  the 
t-.ible  below  that  of  the  first,  the  ninth  ttelow  the  second,  the  fifteenth 
agftin  below  the  first,  and  so  on.  The  reproduction  of  three  of  soch 
rows  will  make  the  meaning  clear. 

Li      7     Ho      9-2     K    II     C    12    N  14     O     16        F     19 
Na   23     Mg  24-3    Al  27    !^i  28     P  31     S     33       CI  35-6 
K     39    Cn   40       Su  44    Ti  46     V  52    Cr  52-5     Mn  SS 


The  elements  appear  in  this  table  in  groups,  of  which  the  indi- 
vidual memlters  closely  resemble  each  other,  often  in  appearance,  and 
always  in  the  nature  of  the  compounds  they  form  with  other  elements. 
Thus,  lo  take  the  first  column,  the  three  elements,  lithium,  sodium, 
and  potussium,  together  with  others  not  here  producetl,  but  which 
occur  later  on  in  the  table,  rabidium  and  ciesium,  are  all  white  waxy 
metallic  solids,  easily  cut  with  a  knife,  tarnishing  rapidly  in  contnct 
with  onlinary  moist  air,  and  forming  compounds  which  themselves 
present  the  greatest  resemblance  to  one  another.  Now,  in  Mr.  New- 
lands's  view,  the  fact  that  the  eighth  element  resembles  the  tirst 
suggestetl  iin  analogy  with  the  musical  scale,  where  the  tones  can  be 
similiirly  classifietl,  each  eighth  note  of  the  major  scale  reproducing, 
as  it  were,  the  fundamental  note.  In  the  ordinary  notation,  the  name 
O  refers  to  many  notes,  separated  from  each  other  by  octaves.  The 
analogy  may  be  regarded  as  fanciful,  and  in  the  light  of  more  modern 
work  the  word  "octave"  is  here  inapplicable;  and  this  [terbaps  over- 
strained analogy  did  much  to  discre«lit  Mr.  NewlandH's  views  in  the 
eyes  of  the  leatling  cliemists  of  the  day.  It  was  not  until  ]8(>8,  when 
the  late  Prof.  I^thar  Meyer,  and  Professor  Mendeh'ef  independently 
arrived  at  a  simih>r  arrangement,  that  the  attention  of  chemists  was 
recalled  to  the  subject,  and  the  justice  of  Mr.  Xewlands's  ideas  was 
acknowledgeil.  The  somewhat  tardy  award  of  a  meilal  by  the  Uoyal 
Society  placed  in  its  true  position  the  work  of  .Mr.  Xewlands,  and  was 
regardeil  as  an  act  of  justice  by  bis  friends.  It  is  deeply  to  be  regretted 
that  his  recent  death  has  removed  from  our  midst  a  man  so  kindly 
and  so  alive  to  every  advance  in  science. 

The  elements  helium  nod  argon,  if  they  be  reiilly  elements  and  not 
compounds  (and  there  is  no  reason  to  doubt  their  elementary  nature), 
should  find  places  in  thi."  table,  now  known  as  the  "  Perio»lic  Arrange- 
ment of  tlie  Klemcnts."     And  confining  our  attention  to  only  a  few  of 
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the  vertical  columus,  tbeir  iioeitioii  should  be  for  helium  befortj  lithium, 
and  tor  argoa  heforit  pttt-assiuin,  ttaua: 


Hydrogen-. 

.     1 

Heiium. 

.     -l 

Litbinm.... 

Fluorine... 

.   19 

t 

«oilium  .... 

Chlorine -.- 

.  35.5 

Arjiou  . . 
1  Iron 

.   40 
.  561 

PotaaBinm.. 

Msugsiit<Be. 

.  55 

J  Cobalt , 
lNi<'kel  - 

.if) 

t'-PI'" 

Now,  we  find  the  differeut^  between  the  atomie  weights  of  bydrogeu 
aud  chloriDe  to  be  34.5;  Hud  between  Ittbium  and  potHssium  to  be  32; 
also  between  argou  and  helium  to  be  36.  These  uunibers  are  roughly 
of  the  same  order  of  magnitade.  It  ia,  therefore,  not  unreaaoDahle  to 
suspect  the  existence  of  au  undist'overed  element  with  atomic  weight 
hetweeo  19  and  23,  as  well  as  of  others  occupying  the  other  unfilled 
poBitioDS  in  the  argon  group. 

It  is  no  easy  matter  to  hunt  the  earth  through  for  an  unknown  ele- 
ment. The  question  is,  where  to  look.  And  some  clew  is  oecessary  to 
guide  the  inquiry.  At  first  it  was  thought  that  minerals  similar  to 
those  from  which  helium  ha<l  been  obtAined  might  possibly  yield  the 
new  element;  and  experiments  were  made,  for  months  at  a  time,  to  test 
the  gasBH  obtainable  from  almost  every  known  mineral,  hat  in  vaiu,  so 
far  as  a  new  element  was  concerned.  They  resulted  in  the  discovery 
of  many  new  sources  of  helinm,  but  the  si>ectrum  of  the  gas  in  each 
case  exhibited  do  onknown  lines.  A  new  method  of  attack  was  then 
organized.  It  might  be  that  the  so-calle<l  helium  was  really  a  mixture 
of  elements,  and  not  a  pure  element.  Now,  an  efi'ective  method  of  sepa- 
rating from  each  other  two  gases  of  different  molecular  weights,  and 
hence  of  different  densities,  is  the  process  of  diffusion.  From  observa- 
taons  of  the  late  Professor  Uraham,  of  [Jniversity  College,  London, 
subsequently  master  of  the  mint,  it  appears  that  lighter  gaaes,  with 
rapidly  moving  molecules,  will  pass  through  a  porous  diaphragm,  snch 
as  the  material  of  a  clay  pipe,  more  rapidly  than  a  heavier  gas,  with  its 
more  slowly  moving  molecules.  An  attempt  wan  therefore  made  to 
ascertain  whether  any  heavier  gas  could  be  thus  separated  from  the 
helium  obtainetl  from  minerals.  The  experiments  involved  an  enormous 
amount  of  labor,  but  in  the  end  no  gas  other  than  a  trace  of  argon  could 
be  detected.  It  appeared,  therefore,  vain  to  attempt  to  discover  a  new 
gas  in  minerals;  and  the  Justice  of  Dr.  Btoney's  hypothesis  was  nest 
tested.  It  was,  of  course,  not  out  of  the  question  that  the  sought-for 
gas  might  exhibit  some  powers  of  combination,  and  that  it  might  have 
been  absorbed,  along  with  the  nitrogen  of  Che  air,  by  the  magnesium 
over  which  the  gas  had  been  sent  at  a  red  heat,  in  order  to  absorb  and 
remove  the  nitrogen.  The  compound  of  magnesium  with  nitrogen  is 
Tery  readily  decomposed  by  water;  the  products  are  ammonia  and 
hydroxide  of  magnesium.    A  large  <]uaiitity  of  this  magnesinm  nitride 
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was  accordingly  treated  with  water,  and  the  reanlting  ammonia  ab- 
sorbed by  means  of  weak  sulphuric  aiud,  Tbere  was  merely  a  trace  of 
gas  which  refused  to  be  absorbed,  and  on  examitiatioii  it  tamed  out  to 
be  the  familar  hydrogen,  which  was  formed  by  the  action  of  the  water 
on  some  metallic  magiiesinm  which  had  escaped  combination  with 
nitrogen.  This  experiment  was  ititerestiug,  inasmuch  as  it  proved 
that  magnesium  refuses  to  combine  with  even  the  smallest  trace  of 
argon.  The  ammonia  resulting  from  this  treatment,  it  is  true,  might 
have  conceivably  contained  a  compound  of  the  new  gas,  but  a  similar 
sample  had  previously  been  decomposed,  so  as  to  obtain  l¥om  it  its 
nitrogen,  and  that  sani|ile  of  nitrogen  had  been  found  by  Lord  Hay- 
leigh  to  possess  the  same  density  as  a  sample  of  nitrogen  of  which  the 
source  could  not  be  traced  to  the  atmosphere.  Lastly,  it  was  conceiv- 
able that  the  hydroxide  of  magnesium  might  have  contained  some 
comt>ouiid  of  the  new  element.  It  was  therefore  treated  with  water, 
and  the  soluble  portion  separated  from  the  insoluble.  The  soluble 
portion,  on  examination,  proved  to  contain  nothing  but  the  carbonate 
of  niaguesinm.  The  insoluble  portion  was  not  farther  dealt  with,  bat 
was  kept  in  reserve. 

The  argon  of  the  atmosphere  was  next  examined.  A  large  quantity 
having  beeu  prepared,  it  was  pnrified,  and  by  passing  it  into  a  vessel 
immersed  in  liquid  air,  made  to  boil  at  even  lower  temperature  than 
usual  by  pumping  away  the  air-gases  as  they  boiled  off,  the  argon,  too, 
was  completely  changed  into  liquid.  Liquid  argon  is  clear  and  color- 
less, whereas  liquid  air  has  a  faint  blue  tint,  owing  to  the  blue  color 
of  the  oxygen  it  contains.  The  argou  was  next  made  to  boil,  by  allow- 
ing the  temperature  of  the  liquid  air  to  rise  a  few  degrees,  and  the 
first  portions  of  argon-gas  were  collected  separately,  the  remainder 
going  back  into  the  gas-bolder  iu  which  it  had  originally  been  stored. 
The  gas  thus  obtained  was  lighter  than  argon  and  more  difficult  to 
liquefy;  this  was  shown  by  the  necessity  of  compressing  it  into  the 
bulb  in  which  liquefaction  took  place.  The  most  volatile  portaons  of 
this  liquid  were  next  collected  separately,  and  the  gas  proved  to  be 
still  less  dense  than  the  former  sample.  It  was  not  possible  to  liquefy 
more  than  a  small  fraction  of  this  last  specimen  of  gas,  to  however  low 
a  ])Oint  the  temperature  of  the  boiling  air  was  reduced;  and  after 
another  repetition  of  the  same  process  the  gas  appeared  to  be  as  ligbt 
as  the  process  could  make  it.  Its  density  was  S.T.'i  times  that  of  hydro- 
gen, and  making  allowance  for  a  small  quantity  of  argon,  which  it 
must  ii««8sarily  have  contained,  this  number  becomes  reduced  to  9.6.' 
The  weight  of  a  molecule,  compareil  with  the  weight  of  an  atom  of 
hydrogen,  as  previously  explained,  must  therefore  be  19.2;  and  19.2 
lies  between  the  atomic  weights  of  Huorine,  19,  and  of  sodiam,  23,  &II- 

'Thii  tcoM  hae  since  lieeii  rnuud  to  rimtaiu  i<  tmce  of  helium,  the  piesenci;  of  which 
wiiiilil  lower  the  above  ileiisity.  The  iictiinl  ilensity  will,  therefore,  l>e  someirhat 
higher  thao  9.6,  bat  it  will  prubabl;  not  exceed  10.     It  haa  not  jet  been  detennined. 
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in^  therefore  into  the  predicted  place  in  tlie  Periodic  Table.  The 
apecilic  heat  ratio  of  this  new  gas,  to  which  the  name  "ueou"  or  "the 
new  one''  has  been  given,  is,  as  in  the  ca»e  of  helium  and  argon.  1§; 
like  them,  too,  it  resists  combtnatlon  with  other  elements  and  posseuaes 
a  brilliant  and  characteristic  spectrum. 

This  account  of  the  fnlftllment  of  a  prediction  has,  I  am  afraid,  been 
somewhat  elalwrate  for  the  general  reader;  bat  it  is  interesting  as  a 
case  of  discovery,  where  many  lines  of  evidence,  founded  on  the  work 
of  many  different  observers,  have  led  to  the  foreseen  conclusion.  It 
possesses,  to  my  mind  at  least,  some  of  the  quitlities  of  a  scientific 
poem:  An  orderly  arrangement  of  ideas,  drawn  from  many  different 
Boarces,  each  throwing  light  on  the  other,  and  all  tending  toward  a 
final  event.  It  is  true  that  the  subject  is  not  one  to  which  poetical 
diction  can  be  applied  with  advantage;  the  details  are  too  complicated, 
too  unfamiliar,  and  to  be  expressed- only  in  language  which  has  not 
received  the  impress  of  poetical  tradition;  bnt  to  enlarge  on  this  would 
open  a  wide  field  of  discussion,  in  which  esthetics,  a  subject  not  as  yet 
reduced  to  accurate  formulation,  and  perhaps  hardly  susceptible  of 
treatment  by  scientific  methods,  would  form  the  chief  theme. 

lu  epic  poems  the  "argument"  usually  precedes  the  matter.  Here 
it  may  be  convenient  to  reverse  the  order,  and  to  sum  np  the  preceding 
pages  by  the  argument.  We  have  seen,  then,  that  the  discovery  by 
Lord  Rayleit^h  of  a  discrepancy  in  the  density  of  atmospheric  nitrogen 
has  resulted  in  the  discovery  of  anew  constituent  of  air,  argon;  its 
discovery  has  led  to  that  of  a  constituent  of  the  solar  atmosphere, 
helium;  speculations  on  the  ultimate  nature  and  motion  of  the  parti- 
cles of  which  it  is  believed  that  gases  consist  h:is  provoked  the  con- 
sideration of  the  conditions  necessary  in  order  that  planets  and 
satellites  may  retain  an  atmosphere,  and  of  the  nature  of  that  atmos- 
phere; the  necessary  existence  of  an  undiscovered  element  was  fore- 
seen, owing  to  the  usual  regularity  in  the  distribution  of  the  atomic 
weights  of  elements  not  being  attained  in  the  case  of  helium  and  argon; 
and  the  source  of  neon  was  therefore  indicated.  This  source,  atmos- 
pheric air,  was  investigated,  and  the  missing  element  was  discovered. 
A  new  fact  has  been  added  to  science,  and  one  not  disconnected  from 
others,  but  one  resulting  from  the  convergence  of  many  speculations, 
otwervations,  and  theories,  brought  to  bear  on  one  another. 
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THE  KKVIVAIi  OF  INOttGANIC  (JHEMISTltYJ 


By  H.  N.  Stokem. 


JJothinp  cim  be  more  iiistroctive  t»  the  student  interested  hi  the 
rcsnits  of  intellectual  croHS  fertilization  than  the  eH'ect  of  tlie  recent 
fecundation  of  chemistry  by  physics.  Through  the  application  of  phys- 
ical methods  and  ideas  to  cUeinistry,  the  latter  has  given  birth  to  a  netr 
branch  of  study,  physical  chemistry,  which  promises  tj>  piwiuce  as  radi- 
cal a  change  in  onr  conce])tion8  of  molei-nlar  phenomena  as  did  the 
overthrow  of  the  phlogiston  theory  or  the  introduction  of  the  conception 
of  valency  at  a  later  period. 

The  attempt  of  Berthullet  to  introduce  dynamical  conceptions  into 
chemistry,  at  the  beginning  of  the  century,  fell  on  thorny  ground,  and 
from  that  day  until  very  recent  years  the  growth  of  chemistry,  great  as 
it  has  been,  has  been  most  remarltably  one-sided.  The  Periodic  Law 
has  been  discovered,  many  new  elements  have  l>eeii  found,  new  com- 
pounds without  number  have  l»een  prepared,  the  rules  governing  their 
formations  and  transformations  have  been  ascertained,  and  even  their 
microscopic  anatomy  has  been  studied  to  such  an  extent  that  for  count- 
loss  of  them  we  have  establishe<l  formulas  which  express,  schematically, 
the  relative  arrangement  of  the  atoms  in  the  molecule.  In  stereochem- 
istry we  have  even  gone  so  far  as  to  be  able  to  indicate,  in  »  rough  way, 
the  actual  relations  of  the  atoms  in  space;  yet,  with  all  this,  a  most 
important  part  of  the  problem  has  been  almost  neglected.  To  use  a 
bitdogioil  expression,  chemistry  has  been  enormously  develoi>ed  on  the 
morphological,  and  but  little  on  the  physiological  side.  Chemists  have 
concerned  themselves  greatly  with  the  products  of  chemical  reactions, 
and  bnt  little  with  the  nature  of  the  reactions  themselves.  The  mole- 
cule has  been  treated  as  a  dead,  rigid  bo<ly  is  treated  by  the  anatomist, 
hut  its  study  as  a  living,  moving  mass,  filled  with  energy  and  capable 
of  reacting  by  virtue  of  this  energy,  has  been  largely  left  to  the  future. 
Even  as  late  aa  1882  the  Oerman  physiologist  Emil  du  Bois-Keymond 
used  the  words  which  have  since  been  in  the  mouth  of  every  physica) 
chemist:  "  In  contradistinction  to  modern  chemistry,  we  may  call  jihy- 
sical  chemistry  the  chemistry  of  the  future." 

'Annual  mldrees  of  the  president  uf  the  Chemical  Soitiet.v  <if  WMhingtun,  deliv. 
ered  Marcb  30,  1899.  Keprinted  from  ijcieucu,  N.  S.,  Vol.  IX,  Mo.  226,  pp.  601-615, 
April  28,  1899. 

SM98 — 19  ,       ,  CWogle 


290  THE    REVIVAL   OF    INOEGANIC    CHEMISTRY. 

Since  1883,  thanks  tn  the  laltors  aod  in8|nring  influence  of  Ostwald, 
van't  Hoff,  Arrlicnius,  Nernst,  and  others,  physical  chemistry  is  no 
longer  tlic  choniiatry  of  the  fnture  merely,  bnt  of  the  prt'sent,  and  apart 
from  the  quickening  influence  which  it  is  exerting  in  nearly  all  bmnelies 
of  cliemiatry  prn|ier,  both  pure  and  applied,  we  are  beginning  to  per- 
ceive that  we  are  entering  a  period  in  which  chemistry  will  be  of  greater 
service  to  the  allied  sciences.  Geological  cbeuiistry  is  showing  signs  ol' 
reviving  under  the  stimulus  of  physico  cbemical  conceptions,  and  we 
are  finding,  tx>o,  that  as  physiological  chemistry  is  not  merely  the  cbem- 
istry  of  sugar,  or  urea,  or  albumin,  bat  preeminently  a  science  of  moving 
ami  changing  molecules,  it  can  only  progress  by  tbeaid  of  a  knowledge 
of  the  laws  of  chemical  energy. 

'i'he  achievements  of  physical  chemistry  form,  perhaps,  the  most 
interesting  phase  of  the  recent  history  of  onr  science,  but  its  followers 
have  spoken  for  themselves  so  often  of  late  years,  and  have  presented 
the  subject  80  much  better  than  I  could  do  it,  that  J  feel  compelled  to 
consider  a  perhaps  humbler,  but  yet  not  unimportant,  field  of  research, 
which,  in  a  sense,  may  also  be  called  a  part  of  the  chemistry  of  the  fn  ture, 
the  field  of  Inorganic  Chemistry.  Therelationsofpbysical  and  inorganic 
chemistry  have  recently  been  discussed  by  van't  Hoff  in  his  admirable 
address  delivered  last  summer  before  the  Society  of  German  Scientists 
and  Physicians,  and  I  shall,  therefore,  limit  myself  to  the  consideration 
of  a  few  points  of  a  more  strictly  chemical  nature,  touching  the  rela- 
tions of  physical  and  inorganic  chemistry  only  incidentally. 

The  aim  of  physical  cliemistry  will  have  been  accomplished  when  it 
has  established  a  mathematical  equation  which,  by  proper  substitution, 
will  enable  us  to  predict  the  nature  of  every  possible  chemical  system 
01'  reaction,  and  tlic  properties,  physical  and  chemical,  of  every  jwssi- 
ble  element  or  compound.  (Intil  he  has  reached  this  chemical  millen- 
ninm,  unless  he  will  risk  falling  intotbe  pit  which  has  received  so  many 
philosophers  in  the  past,  the  chemist  must  continue  to  advance  by  tbe 
route  by  which  our  understanding  of  every  other  branch  of  physical 
science  has  been  reached.  Notwithstanding  all  that  physical  chemis- 
try can  do  with  this  material  at  present  in  hand,  tbe  experimenter  mast 
long  continue  to  take  the  short  cut  to  knowledge  and  find  out  what  bis 
elements  and  compounds  will  do  by  first  actually  getting  tbem  in  hand, 
by  precipitation,  tiltration,  distillation,  crystallization,  and  the  like.  It 
may  be  questioned  whether  our  preitent  knowledge  of  facts  would  ever 
suffice  to  enable  ns  to  predict,  for  example,  a  single  atomic  weight  witli 
accuracy,  or  to  explain  that  wonderful  relation  between  properties  and 
atomic  weights  known  as  the  Periodic  Law.  A  few  enthusiastic  physi- 
cal chemists  liave  spoken  slightingly  of  the  comiwund  maker  as  a  kind 
of  inferior  being,  apparently  forgetting  that  it  is  Just  this  kind  of  pio- 
neer work  which  has  sapplie<l  tbe  material  for  their  labors,  that  the 
first  requisite  for  successful  generaIiz:ition  is  the  |)ossession  of  a  large 
number  of  pure  substances,  of  accurately  known  composition  and  prop- 
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erties,  many  of  which  can  only  be  obtained  by  work  which  is  so  elabo- 
rate and  difficult,  and  which  requires  such  coucentrutiou  of  effort,  that 
be  who  follows  it  can  well  be  exeuaed  if  he  does  not  always  look  ou  the 
product  of  his  labor  as  merely  meaos  to  another  end.  It  is  tolerably 
clear  that,  for  a  long  time  to  come,  experiuieutizing  must  keep  equal  i)ace 
with  mathematiziug,  and  if  the  former  have  been  pushed  so  far  in  one 
ilirection  as  to  appear  to  afford  oo  prospect  of  continued  progress  we 
must  not  abandon  it  altogether,  bat  consider  whether  it  may  not  be 
still  profitably  pursued  along  other  lines.  Let  us  consider  whether  we 
must  all  turn  mathematical  chemists,  or  whether  there  is  not  much  left 
to  be  done  by  those  trained  in  the  older  achooi,  working  along  old- 
fashioned  Hues  and  by  old-fashioned  methods. 

Descriptive  chemistry,  as  it  exists  to-day,  is  a  science  which  has 
grown  and  is  Ktill  growing  enormonsly  in  a  single  direction,  that  of 
organic  chemistrj-,  the  chemistry  of  the  compounds  of  carbon.  We  are 
at  present  acquainted  with  about  seventy-five  chemical  elements,  which 
are  found  in  the  most  varied  proportions  in  those  parts  of  the  earth 
which  are  accessible  to  our  observation,  namely,  the  crust,  the  sea,  and 
the  air.  The  a^compaoying  table,  calcalated  by  Clarke,  shows  the  rel- 
ative abuudiince  of  the  elements  in  a  sphere  comprising  the  crust  for  a 
depth  of  10  milejt,  the  ocean,  and  the  atmosphere : 

Oxygen 49.98 

Silicon 25.30 

AlDmiDiDm 7.26 

Iron   5.08 

Caloinm 3.51 

MagnMlum 2.50 

Soilium 2. 28 

Potftuinm 2.23 

HjdrojcuD !M 

Titaniam 30 

Carbon 21 

Clili)riue  I  -J 

Broiuiiiu  > 

PhoaphoFDH 09 

Manganwe 07 

Salpliur 04 

Barium 03 

N'itrogeu 03 

Chromium 01 

The  nineteen  elements  here  given  make  up  nearly  the  whole  mass; 
the  remaining  flfty-flve  or  thereabouts,  taken  together,  nnd  making  all 
possible  allowance  for  error,  do  not  amount  to  more  than  1  percent. 
Observe  that  the  element  carbon  amounts  to  but  onc-fiftli  of  one  per 
cent.  Til  be  sure,  this  is  no  argument  that  the  chemistry  olcarlKiii  is 
relatively  unimportant;  on  the  contrary,  there  is  no  necessary  connec- 
tion between  the  abundance  of  an  element  and  its  ability  to  carry  ns 
further  toward  a  knowledge  of  chemical  laws.     Kevertheless,  to  an 
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intelligence  not  having  its  sent  in  a  body  largely  made  np  of  carbon 
compouud»,  it  migbt  appear  somewhat  aorprisiog  that  chemists  shonid 
have  attempted  to  base  a  science  on  the  inveHtigation  of  au  element 
which  exists  iti  such  relatively  iusiguillcaiit  amounts,  the  compooDds 
of  which,  with  bal  few  exceptions,  are  incapable  of  formation  at  the 
freeKing  point  of  water,  or  of  existence  at  the  lowest  red  beat,  and 
should  have  chosen  t4i  devote  nearly  all  of  their  energy  to  its  stndy. 

Ajiart  from  the  special  subject  of  coal,  jtetroleum,  and  asphalt,  carbon 
is  of  jiractical  imitortance  to  the  geologist  only  in  the  form  of  carbon 
dioxide  and  the  carbonates,  while  of  the  chemical  properties  of  silicon, 
which  constitutes  27  per  cent  of  the  earth's  crnst,  and  of  the  silicates, 
which  make  up  nearly  all  of  it,  we  know  vastly  less  than  of  the  deriva- 
tives of  the  single  carbon  compound,  ben/^ne.  A  stndy  of  the  chem- 
ical changes  taking  place  in  the  sun,  and  of  most  of  those  occni-ring  in 
the  interior  of  the  earth,  might  almost  leave  carbon  out  of  acxwnnt;  it 
would  certainly  have  no  more  importance  than  titanium,  an  element 
of  which  few  but  chemists  have  ever  heard,  bat  which  is  more  abund- 
ant »nd  as  widely  distributed. 

Oarbou,  as  an  essentialconstituent  of  living  beings,  constantly  forcea 
itself  on  our  attention,  yet  this  is  not  to  be  considered  as  by  any  means 
tbe  chief  caase  of  the  predominance  of  organic  chemistry.  Compara- 
tively few  of  tbe  best-stadied  organic  coniponucis  have  more  than  the 
remotest  connection  with  the  phenomena  of  life.  Phosphorus  and 
sulphur,  to  say  nothing  of  oxygen,  hydrogen,  and  nitrogen,  are  quite  as 
important  in  this  respect  as  carbon,  yet  how  relatively  little  do  we 
know  of  phosphorus  and  sulphur  in  their  chemical  relations,  or  even 
of  nitrogen.  Tbe  extraordinary  development  of  carbon  chemistry  is 
due  mainly  to  reasons  of  a  chemical  nature,  wliicli,  by  rendering  ita 
compounds  easier  to  stndy,  have  made  progress  in  this  direction  a  line 
of  leiiHt  resistance.  This  has  not  been  without  its  advantages,  for  we 
have  been  led  to  discern  laws  which  conld  not  have  been  perceived  so 
soon  had  the  working  forces  been  more  evenly  distributed,  but  it  has 
also  had  tbe  unfortunate  result  that  the  theories  of  moletmlar  structure, 
derived  wholly  from  the  study  of  oirbon  conipounds,  have  heen  iipplted 
to  all  classes  of  inorganic  compounds  too  hastily  and  without  sutlicient 
research.  The  inorganic  chemist  has  done  little  but  make  new  com- 
poands,  and  ascribe  to  them  structural  formulas  seldom  based  on  the 
results  of  experiment,  but  rather  on  the  iHMsibility  of  drawing  schemes 
on  paper,  in  which  the  various  valences  or  bonds  were  mutually  satis- 
fled  (bow,  did  not  matter  mucin,  while  those  substances  which  were 
inconsiderate  enough  to  refuse  to  submit  to  this  ojieratiou  without  vio- 
lating every  probable  or  possible  assumption  have  lieen  labeled 
"molecular  compounds"  and  under  this  name  submitted  to  a  forced 
neglect,  which  soon  resulted  in  their  being  forgotten.  We  shall 
pi-esently  see  that  an  increasing  respect  for  these  so  called  molecular 
compounds  is  one  of  the  features  of  the  revival  of  inorganic  chemistry. 


THE    REVIVAL   OF    INORGANIC   CHEMISTRY.  293 

In  tbe  earlier  days  of  chemistry  uo  sharp  linuwaK  drawn  between 
inorganic  and  orRanic  substances.  It  ia  generally  ttiouglit  tha',  we  owe 
this  dtatinctiou  lo  Nicholas  Li-mery,  who,  iti  1676,  classified  snbstaiices 
according  to  their  origin,  as  mineral,  vegetable,  and  animal,  a  distinc- 
tion which  has  survived  until  the  present  day  in  popular  speech.  La- 
voisier, recognizing  in  substances  of  vegetable  and  animal  origin  the 
elements  carbon,  hydrogen,  nitrogen,  and  oxygen,  and  led  by  hie 
researches  to  attribute  a  {leculiar  iin]>ortance  to  oxygen,  regardetl  inor- 
ganir,  bases  and  acids  as  osides  of  simple  ra<licals,and  organic  bodies 
as  oxides  of  componiid  radicals  composed  of  carbon,  hydrogen,  and 
sometimes  nitrogen,  but  did  not  otherwise  distinguish  them.  Even  in 
1811  it  was  undetermined  whether  carbon  ci>in]K>nnds  obey  tbe  laws  of 
constant  and  multiple  proportions,  and  it  was  two  or  three  years  more 
before  Berzelius,  having  snfOciently  improved  the  methods  of  organic 
analysis,  delinitely  proved  that  they  do,  in  fact,  conform  to  these  laws, 
but  are  of  greater  complexity  than  the  comparatively  simple  inorganic 
compounds  then  known.  In  his  electro-chemical  theory,  the  theory  of 
dualism,  developed  between  1812  and  1818,  Berzelius  regarded  the 
simple  inorganic  bodies,  such  as  the  bases  and  acids,  as  binary  com- 
pounds of  positive  with  negative  atomx,  held  together  by  electrical 
attraction;  the  more  complex  bodies,  as  the  salts,  being  binary  com- 
pounds of  a  higher  order;  the  organic  compounds,  on  the  contrary, 
being  regarded  as  ternary  or  quaternary.  Later  he  extended  the 
dualistic  conception  to  these  also,  adopting  the  idea  of  Lavoisier  that 
they  are  binary  eompounds  of  oxygen  with  compound  radicals,  com- 
posed of  carbon,  hydrogen,  and  sometimes  nitrogen,  a  view  which  he 
developed  further  and  never  wholly  abandoned.  In  1817  we  find  Leo- 
(wid  Gmelin  maintaining  that  organic  compounds  are  tbe  products  of 
a  vital  force  and.  can  not  be  produced  artificially.  This  view  was  enter- 
tained by  Berzelius  even  as  late  as  1827,  or  later.  Berzelius  attributed 
the  formation  of  organic  compounds,  with  their  relatively  weak  jmsitive 
and  negative  characters,  to  peculiar  electriciil  conditions  existing  in 
the  organism.  We  can  not  reproduce  these  conditions  in  the  laboratory, 
and,  therefore,  can  not  produce  organic  compounds  artificially.  Those 
transformations  which  we  are  able  to  effect  are  always  from  the  more 
complex  lo  tbe  simpler.  We  can  isolate  the  intermediate  stages  in  the 
breaking  down  of  organic  matter  into  carbon  dioxide,  water  and 
ammonia — thatis,  we  can  follow  the  change  of  matter  from  the  organic 
to  the  inorganic,  step  by  step^but  we  can  not  reverse  the  process  and 
build  up,  nor  can  we  hope  to  do  so  in  the  future.  This  opinion  of  Ber- 
Delias  murks  tbe  widest  gulf  between  organic  and  inorganic  chemistry, 
a  gulft^Ki  wide  for  human  power  to  bridge.  How  dangerous  it  is  to 
set  limits  to  the  power  of  science !  But  one  year  later,  in  1828,  Wtibler 
announced  his  discovery  that  urea,  a  body  of  animal  origin,  coutd  be 
produced  from  ammonium  cyanate,  a  substance  which,  in  its  tarn,  can 
be  built  up  from  its  constituent  elements,  carbon,  hydrogen,  oxygen, 
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and  nitrogen.  Tliie  waa  tbe  first  of  a  aeries  of  irmiimerable  syiitlieses 
wliirli  liave  fu)ly  diK)>o8ed  of  tlie  ideiitbatany  fiiDdaineutal  disMuttiuii 
existK  b«ttreeii  iuorgauir  and  org^anic  cotn|>onu(ls.  Altbongb  we  have 
Dot  yet  made  albumin  in  tlie  laboratory,  we  all  expect  tliat  it  will  be 
done,  and  nearly  every  chemist  now  believes  that  even  tlie  properties 
of  living  i)rotop)astii  are  dne,  not  to  any  peculiar  vital  force  inherent 
iu  the  protoplasm  itsi-lf,  but  to  the  special  properties  ol  the  carbon, 
hydrogen,  oxygen,  nitrogen,  phosphorus,  and  other  elements  of  which 
it  is  eoniposed.  My  subject  does  not  permit  me  to  consider  in  detail 
how  the  idea  of  organic  chemistry,  as  the  cbemistry  of  eomponnd  radi- 
cals, was  evolved ;  how  the  radical  theory  was  replaced  by  the  concep- 
tion of  the  molecule  as  a  unit;  bow,  in  1853,  the  theory  of  valency 
began  to  develop,  »ud  how  this,  with  the  tyjie  theory,  the  theory  of  the 
linkage  of  atoms,  and  the  constant  tetravaleucy  of  carbon,  led,  in  the 
early  sixties,  to  our  present  conceptions  of  the  structure  of  organic 
molecules.  With  the  advent  of  the  fully  developed  structural  formula, 
the  brilliant  progress  of  organit:  chemistry  toward  fuller  theoretical 
development  came  to  an  end  with  remarkable  suddenness.  Kekul^'s 
ingenious  and  fruitful  theory  of  the  benzene  ring,  sugge-^teil  in  1865, 
was  an  application  to  a  particular  class  of  compounds  of  principles 
already  established,  but  involved  no  fundamentally  new  conceptions. 
Organic  cbemistry  entered  upon  what  has  aptly  been  termed  a  |>eriod 
of  "  formula  worship."  The  establishment  of  the  constitutional  formula 
became  the  highest  aim  of  the  devotees  of  this  cult,  against  which  but 
few  chemists,  for  example  Kolbe  and  Mendelejeff,  have  had  the  courage 
to  protest.  In  pursuing  this  aim  the  organic  chemists  have  unques- 
tionably act^umulated  an  enormous  mass  of  valuable  iulbrmation  and 
detail;  have  discovered  new  methods  of  synthesis,  new  laws  of  more  or 
less  special  application,  and  new  compounds  of  practical  value;  bat, 
with  all  their  labors,  the  ordinary  structural  formula  of  to-day  means 
no  more  than  it  did  in  1SI>5.  In  stereochemistry,  however,  the  devel- 
opment of  the  structural  formula  in  space  of  three  dimensions,  organic 
chemistry  has  shown  real  progress,  especially  since  1887.  when  LeBel 
andvan'c  SoflPs  theory  of  the  asymmetric  carbou  atom,  which  was  pro- 
po.sed  iu  1874,  but  which  slumbered  almost  forgotten,  was  revived  by 
Wislicenus.  At  present  the  most  important  developments  of  struc- 
tural chemistry,  both  organic  and  inorganic,  unquestionably  have  the 
question  of  space  relation  as  their  basis. 

The  development  of  inorganic  chemistry  presents  some  marked  dis- 
tinctions from  that  of  organic  chemistry.  Up  to  the  year  1820  nearly 
all  the  important  discoveries  and  generalizations  came  fVom  the  inor- 
ganic side.  Kicbter's  discovery  of  the  law  of  eijni  valents ;  the  researches 
of  Scheele,  Cavendish,  Priestley;  the  development  of  the  theory  of 
oxidation  by  Lavoisier;  the  atomic  hypothesis  of  Ualton  and  his  laws 
of  constant  and  multiple  proportions,  and  the  placing  of  them  on  a 
firm  foandatiou  by  the  remarkable  labors  of  Berzelins;  tiay  Loaaao's 
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law  of  tbe  eimple  relatioD  of  the  Tolnmea  of  reacting  gases;  Duloiig 
and  Fetit's  law,  and  the  law  of  i80Uior[>liisni,  all  fall  witbiii  tbie  period 
anil  antedate  the  begiDDiog  of  the  rapid  development  of  carbon  chem- 
istry. The  same  is  trueof  the  discovery  of  the  alhali  metals,  the  recog- 
nition of  the  elementary  nature  of  chlorine,  and  of  the  establishment  of 
the  existence  of  hydrogen  acids,  and  many  other  important  facte.  In 
these  the  study  of  carbon  played  a  relatively  insignificant  part.  The 
electro- chemical  theory  of  Berzelius,  too,  which  was  of  suck  great  im- 
portance as  a  working  hypothesis,  was  of  inorganic  origin.  By  1830 
the  predominance  of  organic  chemistry  was  already  pronoanced,  and 
with  the  increaae<l  attention  given  to  this  new  field  tlie  interest  in 
inorganic  chemistry  lagge<l  behind.  All,  or  nearly  all,  the  develop- 
ments of  theoretical  importance  began  to  come  from  the  organic  side. 
The  history  of  chemistry  from  1830  to  1805  is  practically  the  history  of 
organic  chemistry.  I  do  not  mean  that  research  was  confined  merely 
to  carbon  compounds.  The  influence  of  Berzelios  continued  to  be  felt, 
and  men  like  Heinrich  Rose,  Wohler,  Bunsen  and  many  others  made 
valuable  cotttribntions  to  inorganic  vbemistry,  as  well  as  several  like 
Dnmas,  Liebig,  and  others,  whose  reputation  rests  chiefly  on  their 
organic  work.  The  great  inorganic  chemists  were  mostly  men  of  ao 
iinaly  tical  rather  than  synthetical  torn  of  mind.  The  growth  of  miner- 
alogy led  to  the  discovery  of  new  elements,  and  the  analytical  re<]uire- 
menta  to  which  it,  as  well  as  practical  chemistry,  gave  rise  conduced 
largely  to  the  study  of  inorganic  comiM>unds.  Tim  conception  of  valency, 
nhile  due  mainly  to  organic  chemistry,  owes  uot  a  little  to  inorganic 
chemistry,  though  it  did  but  little  to  farther  it.  Numerous  atomic 
weight  determinations  of  greater  or  less  accuracy  were  made,  some- 
times with  a  purely  analytic  purpose,  sometimes  with  Ihe  object  ot 
testing  the  validity  of  Front's  hypothesis,  but  these  exercised  but  little 
induence  on  the  theoretical  growth  of  inorganic  chemistry,  which 
remained  for  the  most  part  a  mass  of  unconnected  facts. 

In  considering  the  causes  to  which  is  due  the  ))reemiiient  attention 
given  to  organic  chemistry  since  183U,  the  point  moat  to  be  emphasized 
is  that  at  no  time  since  that  date  has  there  been  lacking  a  well-defined 
working  hypothesis  of  the  nature  of  organic  compounds.  Kot  only  did 
these  substances  prove  eminently  susceptible  of  classification  into 
types,  but,  for  reasons  to  be  stated  lat«r,  the  transformations  discovered 
were  so  numeroQs,  and  the  possibilities  of  prodncing  synthetically  old 
ur  new  compounds,  and  of  working  out  new  theories,  were  so  attractive 
that  most  of  the  be»«t  chemical  minds  between  18SU  and  l^Oo,  or  even 
later,  were  drawn  into  organic  chemistry.  Another  important  factor 
is  that  of  inertia.  Most  students  of  nature  do  not  willingly  enter  upon 
entirely  new  fields  of  research.  The  pupils  of  the  great  masters  of 
orgauic  chemistry,  Liebig,  Dumas,  Uofmann,  Wurtz,  Kolbe,  Kekule, 
and  others,  found  enough  to  do  in  following  in  the  footsteps  of  iheir 
teachers,  and  were  little  inclined  to  seek  new  pastures.    The  require- 
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ments  of  candidates  for  the  doc;torate,  whereby  the  esperlmeutal 
-  material  for  the  disBert^tioii  had  to  be  acvntDalated  in  a  comparatively 
sboFt  time,  led  to  the  assigninent  of  topics  with  which  the  instructor 
was  familiar,  and  which  were  fairly  sure  of  giving  positive  resulta 
within  a  year  or  two,  and,  as  we  all  know,  no  branch  of  chemistry 
yields  results  so  i-eadity  as  the  stady  of  carbon  conipouude,  with  its 
highly  developed  synthetical  methods.  As  the  Chemiker-Zeitung  has 
recently  pointed  out,  even  at  the  present  day  the  full  professorships  in 
German  universities  are  almost  invariably  held  by  organic  chemists, 
while  inorganic  chemit-try  is  left  to  snbordiuai es.  The  weight  of 
authority  and  influence  being  on  the  sitle  of  orgauic  chemistry,  the 
student  who  looks  forward  to  a  university  career  sees  that  his  chauces 
of  promotion  arc  better  if  be  follow  the  organic  rather  than  the  inor- 
ganic direction.  1  need  hardly  add  tliat  the  more  mercenary  hope  of 
obtaining  a  new  dyestnff  or  a  new  remedy,  or  of  replacing  nature  Id 
making  an  alkaloid,  has  also  been  a  powerful  incentive  to  many. 

Let  us  now  consider  some  of  the  reasons  which  have  their  root  in  the 
chemical  peculiarities  of  carbon,  and  which  render  its  com)iouuds,  at 
least  those  which  are  not  too  complex,  comparalively  easy  to  study. 
These  conditions  are  not  |>eculiar  to  carbon,  but  no  other  clement,  aa 
far  as  is  known,  presents  as  many  of  them  at  the  same  time. 

1.  Carbon  eompounds  being  very  generally  soluble  in  neutral  solvents, 
frequently  crystalline,  and  often  volatile  without  detnmpositiou  at 
comparatively  low  temperatures,  are  peculiarly  adapted  to  separation 
in  a  state  of  purity  by  fractional  crystallization  or  distillation,  and  for 
the  same  reason  it  is  usually  possible  to  determine  their  true  molecular 
weights.  The  very  general  potisi-^ion  of  melting  or  boiling  points 
lying  within  easily  observable  ranges  of  temperature  greatly  facilitates 
identilication. 

2.  The  {tower  of  carbon  of  uniting,  atom  to  atom,  to  form  chains,  the 
form  and  size  of  which  can  be  easily  regulated  by'known  synthetic 
methods,  and  the  stability  of  which  is  sutlicient  to  allow  of  manipula- 
tion under  easily  attainable  conditions,  is  a  marked  peculiarity  of  this 
element.  This,  with  the  power  of  forming  stable  comi>ound8  with 
hydrogen,  is  the  basis  of  the  definition  of  organic  chemistry  as  "  the 
chemistry  of  the  hydrocarbons  and  their  derivatives."  With  regard  to 
self  linking  i>ower,  the  other  elements  are  in  marked  contrast.  We 
know  with  certainty  no  compounds  in  which  two  atoms  of  boron  are 
linked,  not  more  than  four  nitrogen  atoms  have  been  arranged  tandem, 
while  of  silicon,  tlie  nearest  relative  of  carbon,  we  know  at  best  a  half 
dozen  well-dellned  compounds  with  two  atoms  of  this  element  iu  series, 
and  but  one  with  three;  analogues  of  the  hydrocarbons  are  nuknown, 
with  the  escejitioii  of  silico  methane,  and  the  instability  of  this  is 
sufficient  proof  that  a  series  of  silicon  paraffins  would  be  most  difficult 
to  prepare,  and  the  same  would  ap|dy  to  all  classes  of  silicon  compounds 
iu  which  self-linking  is  a  prerequisite.    It  does  not  appear  probable  that 
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ve  sball  ever  have  a  very  exteoBive  chemistrj'  of  the  "  b}'drosili(M)UB 
and  tlieir  derivatives,''  Aiauiig  the  cotaponQds  of  otber  eleiuBDts  aelf- 
liukage  occurs  in  but  few  cases  aud  is  limited  in  extent. 

3.  It  is  a  highly  important  property  of  carbou  compounds  that  their 
molecules  teud  to  preserve  their  iudividaality;  they  generally  do  uot, 
tboiigh  there  are  exceptions,  spoutaiieously  avail  themselves  of  oppor- 
tunities for  condensation,  whotbur  by  polymerization  or  by  union  of 
two  or  more  molecules  with  separation  of  water  or  ammoniii.  Tbe  so- 
called  double  and  triple  uuiou  between  carbon  atoms  only  exception- 
ally leads  to  Bitontaoeous  ^wlymerization,  while  with  silicou  this  latter 
is  apparently  the  rule.  Tbe  important  carbonyl  group,  C  -O,  the  char- 
acteristic group  of  organic  acids,  aldehydes,  and  ketones,  showit  but 
little  tendency  to  [polymerize,  while  organic  hydroxyl  compounds  are 
usually  stable  and  do  not  s))outaneously  give  rise  to  e'.hers  or  acid 
auhydrides.  The  silicon  analogue  of  carbouyl,  Si  —  O,  on  tlie  contrary, 
appears  to  polymerize  witli  great,  ease.  Tbe  eCliers  of  carbonic  acid 
are  well  known,  but  the  metasilicic  ethers,  those  of  the  type  BiO  (Oli)], 
appear  to  exist  only  as  polymers.  The  silicic  acids,  too,  show  a  marked 
tendeucy  to  condense  by  dehydration  and  pass  spontaneously  iuto 
complex  bodies.  It  is  easy  to  see  what  would  have  been  the  result  if 
carbon  behaved  like  silicou.  Instead  of  the  iunnmerable  sharply 
dehueil  organic  acids,  aldehydes,  ketones,  and  alcohols,  each  produced 
by  a  detiuiti;  syntbeCic  process,  each  reaction  would  give  rise  to  an 
almost  inextricable  mixture  of  condensation  products,  carbon  dioxide 
would  be  a  solid  like  silica,  aud  organic  chemistry  would  be  scarcely 
further  advanced  than  is  the  chemistry  of  silicou.  This  tendency  of 
carbon  compounds  to  simplicity  in  reaction,  each  mole<mle  acting  as  if 
it  were  alone  preseut,  has  lieen,  therefore,  au  important  factor  in 
facilitating  tbe  growth  of  organic  chemistry. 

4.  Another  feature  of  carbon  which  plays  au  important  part  is  the 
ease  with  which  intermediate  or  transition  products  can  be  formed. 
It  is  much  easier  to  limit  reactions  in  tbe  case  of  carbon  compounds 
than  in.  others.  (Jompare,  for  example,  the  action  of  chlorine  on  OH* 
and  Sili,. 

5.  The  tendency  to  dissociation,  both  hydrolytic  and  electrolytic,  is 
in  general  less  marked  among  carbon  compounds,  whence  it  is  easier  to 
control  the  course  of  a  reaction  and  to  exclude  changes  of  a  sponta- 
neous nature.  Finally,  the  carbon  comitouuds  show  but  little  teudency 
Ui  the  formatiou  of  so-called  molecular  addition  products,  of  which  the 
metal -ammonias,  the  double  salts  aud  the  compounds  with  water  of 
crystallization  are  examples,  the  rational  interpretation  of  which  is 
difficult. 

A  full  cini  side  ration  of  the  peculiarities  of  carbon  which  have  facili- 
tated the  synthesis  of  such  vast  numbers  of  organic  compounds  wonid 
be  beyond  the  scope  of  this  address.  The  above  are  the  most  impor- 
tant, and  their  relative  absence  in  tlie  majority  of  elements  explains 
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largely  the  backward  state  of  our  knowledge  of  tlieni.  Our  inability 
to  determine  tlie  true  molecular  weigbt  of  Insoluble  aud  iiouvoIaEile 
uabstauces;  the  difH<Milty  of  limiting  reactions  so  as  to  obtain  interme- 
diate produfJts;  of  preventing  condensations;  of  separating  mixtares 
and  identifying  their  coostitiieuts  by  suuh  simple  methods  as  melting 
and  boiling'iH>int  determinations;  of  building  up  step  by  step;  of  dis- 
secting at4)iu  by  atom;  uf  explaining  molecular  compounds — these  are 
hindrances  which  can  only  be  overcome  by  greater  perfection  of  oar 
experimental  methods,  and  wliich  often  render  Che  study  of  the  conati- 
tution  of  inorganic  bodies  a  problem  of  great  difficulty,  eveu  iu  tlie 
case  of  many  of  the  simplest. 

At  the  very  time  that  the  organic  structural  formula  was  begiuuing 
to  turn  the  attention  of  organic  chemists  away  from  a  further  develop- 
ment of  theory  to  a  greater  elaboration  of  tletaiU  the  Boglishmau  New- 
lands  was  publiishing  papers  which  contained  the  germ  of  the  Periodic 
Law,  In  I8li5  Kekult:  annouDced  his  theory  of  the  beuzeue  ring;  in 
1864  Newlands  showed  that  if  the  elements  be  arranged  in  the  order  of 
their  atomic  wi'ights  "the  eighth  element,  starting  from  a  giveu  one,  is 
a  kind  uf  repetition  of  Che  first,  like  the  eighth  note  of  an  octave  in 
music."  The  discovery  of  Newlands  of  a  fact  which  later  develo}>ed 
iuto  the  I'eriodic  Law  do^s  nut,  however,  mark  the  begiuuing  of  a  new 
dire«^tiou  iu  cbemical  thought.  It  marks  raCber  that  i>oiut  iu  a  long 
series  of  speculations  at  which  chemists  were  beginning  to  grasp  an 
idea  after  which  they  bad  been  groping  blindly  for  many  years,  the 
conception  that  the  elements  are  not  wholly  unrelated  bodies,  but  that 
there  is  some  definite  law  c^ninectiug  their  properties  with  their  atomic 
weight;*.  Beginning  iu  1815,  with  the  claim  of  I'ront  that  the  atomic 
weights  of  the  elements  are  multiples  of  that  of  hydrogen,  which  led 
him  to  suggest  that  hydrogen  is  the  primitive  element  from  which  Che 
others  are  built  op,  we  find  numertyis  speculations,  some  devoted 
merely  to  finding  arithmetical  relations  among  the  atomic  weights,  such 
as  the  law  uf  triads,  others  attempting  to  show  how  the  elementa  could 
be  built  up  from  one  or  mure  primitive  constituents.  Most  of  these 
did  not  lead  t^)  any  marked  advance  of  chemical  theory,  but  Prout's 
hyiKtthcsis  found  very  able  defenders  an<l  greatly  encouraged  accurate 
atomic-weight  determinations.  The  labors  of  Dumas,  Marignac,  aud 
especially  of  Stas,  in  this  field,  are  directly  due  to  the  desire  to  test 
the  validity  of  Prout's  suggestion.  Up  to  1860  not  only  were  the 
atomic  weights  uncertain  to  within  a  few  decimals,  but,  for  other 
reasons,  even  Che  relative  position  of  the  elements  in  au  ascending 
series  was  oflen  uucertiiin;  our  present  empirical  formulas  had  not 
been  fully  established;  it  was  uncertain,  fur  instance,  whether  water 
was  HCJ  with  0=8  or  H^O  with  O— 16,  or  whether  silica  was  SiO,  with 
Si^  28  or  SiOj  with  Si  ^11.  So  when  Gladstone,  iu  1853,  arranged  the 
elements  in  the  order  of  ascending  atomic  weights  be  failed  to  perceive 
any  uoCewortby  relation.     Nine  years  later  Che  Fruuch  engineer  and 
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geologist  de  Ghaniiourtois,  using  the  newer  and  now  adopteil  atomic 
weights,  armuged  tlie  elements  in  a  spiral  or  Ueliutl  form  around  a 
cylinder,  in  uHceudiug  order,  and  waa  led  to  the  coiicluBion  that  the 
"properties  of  bodies  arn  properties  of  the  numbers,"  a  vague  state- 
meut  of  the  uow  familiar  phrase  that  the  pro|)erties  of  the  olemeotB  are 
I'unctious  of  their  atomic  weights.  As  alreudy  mentioned,  he  wae 
followed  closely  by  Newlands,  whose  work,  however,  met  with  but 
slight  recognition.  Time  is  wanting  to  show  how,  in  the  period  18l>4- 
1869  the  Periodic  Law  was  developed  by  the  labors  of  Newlauds,  and 
more  especially  of  Lothar  Meyer  and  Meudelejetf,  working  indeiiend- 
ently.  It  affords  an  inMrestiiig  example  of  bow  a  great  idea  is  devel- 
oped about  the  same  time  in  the  minds  of  several  men  working 
indet>eiidently  and  unknown  to  each  other.  In  1871  Mendelejefi' pub- 
lishol  a  tiible  which  shows  the  Periodic  Law  esseutially  as  we  find  it 
to-day,  the  only  changes  consisting  in  the  addition  of  a  few  newly 
discovered  elements  and  in  placing  a  few  of  the  older  elements  in  their 
proper  positions,  as  a  result  of  more  accurate  atomic  weight  determi- 
nations. 

The  period  1SC3~1ST0  was,  therefore,  of  the  greatest  importance  for 
inorganic  chemistry,  as  it  saw  the  development  of  the  idea  that  the 
properties  of  the  elements  are  periodic  functions  of  their  atomic  weights. 
The  time  which  has  since  elapsed  has  been  even  more  fruitful  than  any 
previous  period  in  S|)eculations,  having  for  their  object  the  finding  of 
mathematical  relations  between  the  atomic  weights  and  in  theories  of 
the  evolution  of  matter  from  one  or  two  prima)  constitnents.  Many 
modifications  of  the  periodic  scheme  have  been  devised,  but  they  pre- 
sent but  few  or  no  advantages  over  the  simple  arrangement  of  Men- 
ilelejetf  and  Lothar  Meyer.  The  great  fact  still  remains,  numoditled  and 
unimproved,  that  i(  the  elements  be  arranged  iu  the  order  of  increasing 
atomic  weights  there  is  a  recurrence  of  the  proi)erties  of  elements  lower 
in  the  scale — ^in  short,  that  these  properties  are  jieriodic  functions  of 
the  atomic  weights. 

The  discovery  of  the  new  group  of  inert  gases,  helium,  neon,  argon, 
and  xenon,  with  perhaps  krypton  and  metiirgon,  has  not  inodihed  our 
idea  of  the  Periodic  Law  essentially.  They  appear  to  fit  well  into  the 
system,  and  it  is  now  only  remarkable  that  their  existeuc*  was  not 
surmised  by  MeDdeleieir,  who  so  successfully  i)redicted  several  then 
unknown  elements.  Although  the  periodic  system  is  even  to-day  the 
object  of  attack  by  a  few  chemists,  who  appear  to  be  blinded  by  its 
unquestioned  defects  to  the  obvious  truths  which  it  expresses,  it  may 
be  safely  said  that  the  great  central  fact  of  the  iieriodicity  in  the  prop- 
erties of  the  elements  is  just  as  firmly  established  as  the  law  of  gravi- 
tation, and  that,  whatever  modifications  may  have  to  be  made  in  the 
scheme  as  a  whole,  this  ceiitnil  fnct  will  never  be  done  away  with. 
The  atomic  theory  may  be  supplanted  by  something  better,  but  it» 
successor  will  equally  have  to  take  account  of  the  stoiohiometrical 
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relatious  of  the  etemeuts,  which  are  baaed  uot  on  theory,  but  on  obser- 
vation pure  aud  simple,  and  it  is  on  these,  and  nut  on  the  atomic 
theory,  tUnt  the  Periodic  Law  is  based. 

The  Periodic  IjSw  is  exerCiag  a  stiiuulatiDg  iuflncDce  on  inorgaoic 
cfaemiHtry  in  varioas  ways.  It  is  leading  to  a  more  careful  study  of 
all  the eteoientB,  with  the  object  of  discovering  further  analogies;  uew 
compounds  are  being  prepared  and  old  ones  studied  better  with  this 
in  view ;  new  kiuda  of  periodicity  are  being  sought  for  id  physical  as 
well  as  in  chemi<;al  properties.  The  question  of  the  nature  of  the  rare 
earth  metals,  the  asteroids  of  the  elenieutary  system,  as  Crookes  calls 
them,  is  being  attacked  with  greater  energy.  Are  these,  of  which 
Crookes  claims  there  are  thirty  or  perhaps  sixty,  capable  of  being 
fitted  into  the  system  as  it  nowesistet  Must  we  modify  it  in  order 
to  take  them  iu,  or  do  they  represent  certain  excepiioual  phases 
of  the  evolution  of  matter  from  the  original  protyl,  or  different  very 
stable  moiiilicatious  on  allotropic  forms  of  a  few  elementsf  Do 
the  blanks  within  the  system  represent  existiug  but  as  yet  uudis- 
covered  elements  t  Uo  some  of  them  correspond  to  byimtheticat 
elements,  which  for  some  unknown  reason  are  incapable  of  existence, 
like  many  organic  compounds  which  are  theoretically  possible,  but 
which,  if  momentarily  existing,  lapse  at  ouee  into  other  formii,  or  must 
the  scheme  be  so  modified  as  to  exclude  them  t  These  are  some  of  the 
questions  raised  by  the  Periodic  Law  which  it  belongs  to  the  inorgauie 
chemist  to  solve.  Most  imimrtant  of  all  is  the  question  of  the  cause  of 
the  periodicity.  Before  we  can  hope  to  establish  a  mathematical  and 
possibly  a  genetic  relation  between  a  series  of  numbers,  such  as  the 
atomic  weights  and  the  chemical  properties  of  the  elements,  we  must 
establish  with  greater  accuracy  than  beretofoie  the  precise  magnitude 
of  these  numbers;  aud  it  is  this  that  an  ever  increasing  number  of 
atomic-weight  chemists  is  striving  to  do.  The  question  of  the  unity 
of  matter  is  one  to  a  solution  of  which  we  are  no  nearer  than  ever,  and 
the  i'eroidic  Law  iu  its  present  form  does  not  afford  a  proof,  or,  £ 
think,  even  a  presumption  in  favor  of  a  genetic  relation  between  the 
elements.  It  is  quite  conceivable  that  we  may  have  relatious  of  prop- 
erties without  a  common  origin.  With  ever  increasing  accuracy  we 
seem  to  be  removing  further  and  further  from  the  possibility  of  any 
hypothesis  like  that  of  Prout.  The  electric  furnace,  with  its  tempera- 
ture of  '.i,ijt)ii°G.,  gives  not  a  sign  of  the  decomposition  or  transforma- 
tion of  the  elements.  These  questions  aud  the  query  why  we  know 
DO  elements  below  hydrogen  or  above  uranium,  why  the  number  of 
the  elements  is  limited,  aud  why  there  are  not  as  many  kinds  of  matter 
as  there  are  ditl'erent  wave-lengths  of  light — all  these  seem  to  belong 
as  yet  to  a  scientific  dreamland  rather  than  to  the  realm  of  legitimate 
research,  yet  their  solution,  if  possible  at  all,  will  be  accomplished 
only  by  the  labors  of  the  inorganic  chemist. 

Let  us  now  tui'u  to  the  more  special  consideration  of  the  questions  of 
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tbe  constitutional  fortnalan  of  inorganic  compounds.  Ttie  more  con- 
servative organic  citemists  have  always  been  careful  to  stale  Ibat  tlie 
so-called  structural  formulas  are  reactiou  formulas  merely;  tliat  is,  that 
they  are  not  intended  to  express  tlie  actual  relations  of  the  atoms 
iu  the  niolevule,  but  are  merely  conveuienl  schemes  for  renderiuf;  pos- 
sible reactions  visible  to  the  eye.  Probably  most  chemists  regard  them 
as  more  than  this,  as  actual  diafirammntic  re[>resentations  of  the  way 
in  which  the  atoms  are  combined.  The  formula  of  marsh  gas,  for 
example, 

H 


H— 0— H, 


is  regarded  as  more  than  a  visuali/.inffof  its  chemical  properties;  it 
implies  that  the  carlioi]  atom  is  an  actual  physical  link  between  the 
hydrogen  atoms,  which  are  combiued  directly  with  the  carbon  but 
not  with  ea<;h  other.  Stereochemical  formulas  are  confessedly  more 
than  reaction  formulas,  and  the  steric  conception  of  the  so-called  double 
and  triple  union  asserts  that  these  actually  exist  in  the  sense  the  words 
imply,  and  are  not  merely  names  for  unknown  conditions. 

Many  of  tlie  simpler  organic  structural  formulas  unquestionably  have 
an  enormous  mass  of  evidence  in  their  favor,  but  mauy  others  we  must 
be  ou  our  guard  accainst  taking  too  seriously,  and  must  for  the  present 
regard  as  notliing  more  than  reaction  forniulaij.  That  we  can  regard 
any  of  them  us  well  established  is  due,  more  than  to  anything  else, 
to  the  almost  invariably  constant  tetravalency  of  the  carbon  atom. 
Unfortunately,  the  valency  of  many  of  the  elements  entering  into  the 
composition  of  inorganic  compounds  appears  to  be  extremely  variable 
and  uncertain,  and  this  has  greatly  impeded  tlie  study  of  the  structure 
of  these  bodies.  The  inorganic  chemist  has  been  far  too  prone  to 
assume  that  the  structural  theories  of  the  organic  chemist  are  of  uni- 
versal applicability,  and,  having  once  for  all  attributed  a  certain 
valency  to  an  element,  has  betn  oltepi  content  with  devising  structural 
formulas  which  have  no  better  claim  to  rec4>gnitioii  than  that  all  tbe 
BO-assiimed  bouds  are  "satisfietl."  At  otiter  times  a  particular  valency 
has  been  assumed  for  no  other  reason  than  that  it  enabled  him  to  con- 
trive a  formula  for  the  spetrial  case  under  consideration.  The  books 
treating  of  such  matters  frequently  exhibit  wonderfully  ingenious  inor- 
ganic structural  formulas  which  are  wholly  devoid  of  a  reasonable 
amount  of  experimental  evidence  and  which  are,  therefor©,  often  noth- 
ing but  pure  rubbish.  With  mauy  inorganic  cliemists,  formula  worship 
has  degenerated  into  fetishism.  Let  us  consider  a  few  examples.  For 
nitric  acid,  one  of  the  simplest  and  most  familiar  inorganic  couipounds, 
several  constitutional  formulas  may  be  written,  in  which  the  hydrogen 
is  directly  uoited  to  the  nitrogen  or  separated  from  it  by  one  or  two 
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oxygen  atoms,  and  in  which  nitrogen  may  be  either  tn-  or  pentavalent. 
Some  of  these  are  iriven  in  the  tiooks  as  if  they  were  go8i>el  truth. 
Briihl,  who  has  investigated  the  itnestioii  by  physical  methods,  siig- 
geata  that  the  bydiogen  atom  is  not  directly  united  to  any  part  of  the 
NO]  radical,  but  is  rotating  uround  it  and  possibly  combined  with  each 
oxygren  atom  in  snc<'e8.siuD,  a  view  approaching  tliat  of  Werner.  Tliere 
ai'e  at  Iea.st  five  formalas  propose<l  for  tliis  simple  acid.  For  the 
familiar  potassium  ehloroplatinate,  K;Pt('l,{,  there  are  four  constitu- 
tional formulas  seriously  advo(;ated  at  present.  It  may  be  K,=l'tOlB, 
with  octavalent  platinum: 


Kt;i=OI 
KC1=CI 


>  I'tCl,, 


witli  tetravalent  platinum  and  trivalent  chlorine,  as  required  by  Rem- 
sen's  theory;  (PtCls)Ki  in  tlic  sense  of  Werner's  theory,  the  two  jKitas- 
aium  atoms  being  combined  with  the  PtCl„  as  a  whole,  or  it  may  be  a 
molecular  eompomid  in  which  two  inolet^ales  KCI  as  wholes  combine 
with  PtCh  as  a  whole.  The  formulas  suggested  for  most  mirieials  are 
pure  guesswork.  The  silicates  are  usually  written  as  if  containing  the 
group  Si=0,  by  analogy  with  carbonyl,  0=O,  yet  there  is  not  a  single 
silicate  in  which  this  assumption  rests  on  any  experimental  evidence, 
and  the  little  we  do  actually  know  of  the  chemical  behavior  of  silicon 
speiiks  against  it.  9uch  fornialas,  if  not  purely  specnlative  and  devoid 
of  all  basis  and  all  valoe,  as  they  frequently  are,  at  best  do  not  repre- 
sent structure  in  the  .sense  that  the  best  established  organic  formnlas 
do:  they  are  at  must  reaction  tbrmulas  only,  or  they  represent  partial 
moletmles,  in  the  same  way  that  OH  may  stand  for  benzene  (OeH«)  or 
UPOj  for  a  nietaphosphoric  acid.  The  attempt  to  interpret  the  double 
salts  and  halide.s,  the  compounds  with  water  of  crystallization  or 
hydration,  the  metal- ammonias,  the  peculiar  compounds  of  the  /.eolites 
described  by  Friedel,  and  other  so  called  molecular  compounds,  in  the 
sense  of  the  valence  hypothesis,  seems  almost  hopeless  without  taking 
such  liberties  with  it  as  to  render  it  nearly  useless,  and  without  making 
aRsumptions  of  very  narrow  and  limited  applicability.  One  may  well 
question  whether  this  hypothesis  must  not  be  very  considerably  riaali- 
fieu  before  it  can  be  taken  as  the  basis  of  a  general  theory  of  the 
structure  of  inorganic  compounds. 

One  of  the  most  striking  indii-ations  of  a  revival  of  inorganic  chem- 
istry is  the  recent  attempt  of  Werner  to  break  away  from  the  bonds  of 
the  organic  structure  theory  as  applied  to  inorganic  eomgiounds  and  tn 
establish  a  more  general  theory  in  which  valency  plays  a  comparatively 
insigDihcant  n'lle.  The  arguments  on  which  Werner'.s  hypothesis  is 
founded  are  too  numenuis  and  elaborate  to  be  presented  here.  Suffice 
it  to  say  thiit  it  was  primarily  based  on  that  peculiar  class  of  bodies 
known  as  the  metal -am  mo  mas,  consisting  of  metallic  salts,  combined 
with  usually  six  or  four  molecules  of  ammonia,  and  in  which  the  ammonia 
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maybe  wlmllf  or  in  part  replaced  by  pyridine,  wat«r,  acid  radicaU,  aod 
other  ^oups.  These  groapB  are  suppose«I  to  be  arranged  nynimetric- 
ally  alN>at  the  metallie  atom,  fornuiit;  a  radical,  which,  according  to 
ita  nature,  can  combiae  as  a  irbole  with  metals,  halogens,  or  other 
jHisitive  or  negative  groups.  Thus,  in  the  compound  0(>(NHj}fi('li, 
fiobalt  forms  with  NH:,  a  radical,  which  combines  as  a  whole  with  the' 
tliree  chlorine  atoms;  in  (PtGle)K2  the  two  potassium  atoms  are  com- 
bined with  the  whole  group  PtOle  and  not  attached  to  any  one  part  of 
it;  the  same  applies  to  (NH,)OI,  and  to  KjfSO,)  and  K,(FeCN)£.  In 
the  formation  of  these  nidicals  the  bivalent  NIli,  the  neutral  lltO, and 
tbe  univalent  CI  can  replace  each  other  indiscriniinut^'ly;  the  valence 
theory  is,  therefore,  practically  thrown  overboard  entirely  and  in  pluce 
of  combination  by  bonds  we  have  an  extension  of  the  old  theory  of 
molecular  compounds  applicable  alike  to  the  metal -ammonias,  tiie 
ordinary  oxygen  salts,  the  double  balides,  and  tbe  eoinjiounda  with 
water  of  crystallization.  Itis  yet  too  soon  to  predict  the  future  of  this 
hypothesis,  which  has  already  woo  numerous  active  adherents.  It  is 
scarcely  too  much  to  hope  that  it  will  lew),  perhaps  with  some  modilica- 
tioiiB  and  extensions,  to  a  more  comprehensive  theory  of  strncture,  and 
to  a  clearer  definition  of  the  as  yet  only  vague  conception  of  valency. 
It  is  the  broadest  generalization  of  inorganic  chemistry  since  the  dis- 
covery of  the  Periodic  Law,  and  shows  tiiat  inorganic  chemists  are  no 
longer  willing  to  be  mere  imitators  and  to  close  their  eyes  to  the  exists 
ence  of  whole  groups  ot  bodies  which  do  not  tally  with  current  theories, 
aud  are  beginning  to  see  that  in  these  is  to  be  sought  the  key  to  a 
broader  inorganic  chemistry. 

The  slow  development  of  inorganic  chemistry  during  the  period  from 
1830  to  18G5,  as  compfiral  with  that  of  organic  chemistry,  was  due,  as 
has  been  seen,  in  part  to  the  grejiter  breadth  and  greater  diversity  of  the 
field,  to  the  relative  absence  of  leading  ideas  and  leading  motives,  and  to 
the  comparative  tractability  of  carbon  compounds  as  compared  with 
inorganic  compounds  ander  the  restrictions  of  the  experimental  methods 
in  vogue.  Prout's  hypothesis  and  allieil  speculations  gave  a  working 
hypothesis  for  a  limited  number  of  investigators,  but  the  uncertainty 
of  the  atomic  weights,  which  in  part  was  conditioned  by  tbe  imperfec- 
tion of  analytical  methods,  prevented  any  satisfactory  lesalts  being 
reached.  Absolute  purity  of  materials  and  absolute  accuracy  of  analyt- 
ical methods  are  not  of  the  first  im|>ortance  to  the  organic  chemist,  to 
whom  errors  of  one  or  two  points  in  the  first  decimal  are  seldom  of  any 
significance.  To  the  atomic-weight  chemist,  on  the  contrary,  accuracy 
is  the  very  first  imiat  to  be  {considered;  not  only  must  his  material  be 
absolutely  free  from  impurities,  but  his  methods  must  he  beyond 
criticism,  and  it  is  only  with  the  increasing  i>erfection  of  analytical 
methods,  admitting  not  only  of  quantitittive  determinations  of  the 
greatest  accuracy,  but  also  of  the  detection  of  traces  of  impurities 
which  for  ordinary  purposes  are  negligible^  that  this  kind  of  work  has 
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offered  iiiducemetitB  to  a  large  immber  of  workers.  The  long-wanting 
leading  idea  or  motive  haa  been  in  large  part  faruished  by  the  Periodic 
Law.  The  <»)iiipari8oii  of  the  cbemical  and  physical  properties  of  ttie 
eleiueuta  and  their  compoiiDds,  the  search  for  new  elements,  the  feller 
iuvextigation  of  those  already  known,  with  the  view  of  more  Hnnly 
establishing  their  place  in  the  system,  and  the  redetermination  of  the 
at^iinic  weights,  are  evidence  of  its  intlaence.  Witness,  for  example, 
the  great  activity  in  the  subject  ot  the  rare  earths,  the  work  on  the 
relative  position  of  nickel  and  cobalt  in  the  system,  and  the  investi- 
gations of  the  atomic  weight  of  tellurium,  having  for  their  object  the 
decision  of  the  question  wliether  this  element  actually  has  an  atomic 
weight  greater  than  that  of  iodiDe,  ns  the  best  determinations  thas  far 
seem  to  indicate,  or  whether  it  is  less,  as  its  chemical  analogy  tosalphar 
and  selenium  requires. 

Urganic  chemistry,  with  its  tiniit«4l  range  of  temperature,  is  essen- 
tially A  chemistry  of  the  beaker,  the  Liebig  uindenser,  and  the  bomb 
oven;  it  demands  but  comparatively  simple  and  cheap  apparatus  of 
glass,  not  cal<;ulated  to  withstand  lijgh  tea]i>eratures,  and  as  such  is 
within  the  means  of  the  humblest  laboratory.  The  reverence  of  the 
organic  chemist  for  the  platinum  cracible  is  something  astounding. 
With  inqirovements  in  ap^iaratos  for  prntluciiig  and  materials  for 
resisting  high  temperatures,  new  vistas  have  opened  to  the  inorganic 
chemist,  wliile  the  province  of  the  organic  chemist,  limited  as  it  is  by 
thf  instabihty  of  his  comjionuds,  has  derived  no  beneHt  tberetrom. 
Not  only  do  we  owe  to  tliis  the  beautiful  investigations  of  Victor  Meyer 
audotlierson  high-temperature  vapor  densities,  but  with  the  recent 
development  of  electrieiil  technology  the  electric  furnace  has  appeared, 
and  with  it  a  new  chemistry,  the  chemistry  of  a  temperature  of  3,500° 
U.  Not  only  have  new  compounds  lieen  made  which  can  not  be  pro- 
duced at  lower  tern jieratu res,  but  the  accessibility  of  many  elements 
and  compoHiids  has  been  greatly  increased.  The  reductions  which 
Wiihler  and  l>eville  effected  gram-wise  in  glass  and  porcelain  tabes 
can  now  he  c;irrie<l  out  in  the  electric  furnace  pound-wise  and  even 
ton-wixe.  The  manipulation  of  the  current  for  electrolytic  purposes, 
renderetl  [mssible  by  increased  knowledge  of  the  laws  of  electricity, 
as  well  as  by  ease  of  its  prodnctinn,  is  yielding  results  chiefly  in  the 
domain  of  inorganic  chemistry,  while  the  organic  chemist  is  bnt  tardily 
utilizing  the  current  as  a  means  of  oxidation  and  reduction.  Besides 
the  extraordinary  development  of  elect ro-nietallurgy.  the  preparation 
of  soda  and  clilorales  and  other  technical  processes,  the  application  of 
elei'tricity  to  pur|>oseH  of  analysis  and  for  the  synthesis  of  new  com- 
|M>unds,  such  as  the  rare  metal  alums,  i)eroarhiinic  and  persulphario 
acids,  and  the  isolation  of  llnorine,  nniy  l>e  mentioned. 

Passing  to  the  op|K>site  extreme  of  temi)unitnre,  we  find  the  develop- 
ment of  hi  >tnre  eliemistry  a<;companie4l  by  the  growth  of  a 
cheuiistr,>  -'iitures.    The  very  recent  improvements  in  the 


THE  KEVIVAL  OF   INORGANIC  CHEMIBTBY.  305 

art  of  produciug  cold  have  made  liqnid  air  a  cbeap  material,  aud  mth 
its  aid  Bamsay  has  been  able  to  fractionally  distil  liqaefled  argon  aud 
to  separate  fh>m  it  tbe  contaminating  element-s  of  the  same  gronp,  neon 
and  xenon,  as  well  as  krypton  and  metargoQ. 

The  part  played  by  the  aiiectroscope  in  chemistty  is  more  or  less 
familiar  to  everyone.  From  the  ftirtber  development  of  the  science  of 
spectroscopy  it  is  clear  tbat  inorganic  chemistry  has  much  to  gain. 
Whether  or  not  the  view  first  suggested  by  Clarke  and  long  defended 
by  Lockyer  be  trne,  that  the  elements  undergo  partial  decomposition 
in  the  stars  and  nebula-,  it  is  upon  this  iustrnment  tfaa't  we  must  rely 
for  our  knowledge  of  the  high-temperature  chemistry  of  these  bodies,  a 
cliemistry  which  is  wholly  inorganic. 

The  rapid  growth  of  these  sciences  into  which  chemistry  enters  is 
producing  an  ever  increasing  demand  upon  the  chemist  for  new 
researches.  While  the  biologist  must  rely  mainly  on  the  organic 
chemist  for  his  chemical  data,  no  less  must  the  mineralogist  and  geolo- 
gist appeal  to  the  inorganic  chemist  for  the  solution  of  many  problems 
in  their  field.  Tbe  formatioji  and  decomposition  of  minerals,  the  dis- 
integration of  rocks,  the  behavior  of  rock  magmas,  tbe  phenomena  of 
metamorphism,  of  ore  deposition  and  vein  formation,  the  influence  of 
high  temperatures  and  pressures — all  these  afford  problems  the  solution 
of  which  is  hopeless  without  tbe  assistance  of  inorganic  chemistry  either 
alone  or  aided  by  physical  chemistry.  The  chemist  who  has  to  meet 
the  inquiries  of  the  geologist,  and  who  must  too  often  confess  our 
ignorance  of  tbe  causes  of  even  tbe  simplest  phenomena,  can  not  help 
feeling  wbat  a  splendid  field  is  here  open,  awaiting  only  tbe  advent  of 
workers  suitably  trained  and  of  laboratories  properly  equipped  for 
research  in  chemical  geology.  The  demands  of  the  geologists  are 
unquestionably  destined  to  be  among  the  most  potent  factors  in  the 
revival  of  inorganic  chemistry. 

It  is  not  to  be  expected,  uor  is  it  to  be  desired,  that  inorganic  chem- 
istry will  at  once  sweep  organic  chemistry  from  its  position  of  preemi- 
nence. The  causes  to  which  this  is  doe  may  ontlast  our  generation,  but 
that  the  inorganic  tide  is  rising,  and  that  this  branch  will  finally  attain 
its  dne  position,  can  not  be  donbted.  The  recent  establisbmeot  of  a 
Zeitschrift  fiir  aiiorganiKcbe  Chemie,  while  it  may  be  deplored  as 
increasing  the  already  too  great  number  of  chemical  journals,  and  as 
tending  to  widen  nither  than  diminish  the  gap  between  the  organic 
and  inorganic  branches,  is  helping  to  produce  a  feeling  of  solidnrity 
among  inorganic  chemists  which  never  existed  hitherto.  Even  in  tier- 
many,  the  stronghold  of  organic  chemistry,  the  address  of  van't  Hoff  is 
exciting  wide  interest,  aud  the  Cfaemiker-Z^ituug,  in  urging  the  estab- 
lishment of  independent  chairs  and  laboratories  of  inorganic  chemistry, 
is  advocating  wbat  will  in  time  unquestionably  be  realized. 

Inorganic  chemistry  is  fortunate  in  that  its  renaissance  is  coming 
about  at  a  time  when  physical  methods  are  in  vogue.  The  prediction  of 
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Du  Boie-Heymoud  is  being  r«alized;  with  the  aid  of  pby sics  it  is  attain- 
ing  All  insight  into  the  dTnamical  aspect  of  the  science  which  it  could 
never  have  reached  unassisted.  Bat  it  is  not  alone  by  sapplyJDK  new 
methotis  and  suggeBtiug  new  points  of  view  that  physios  is  aiding  the 
revival  of  inorganic  chemistry.  Perhaps  equally  important  is  the  fa«-i 
that  the  rising  school  of  physical  chemists,  unhampered  by  the  trwli- 
tions  and  limitations  of  orgauic  chemistry,  is  finding  it  necessary  to 
explore  the  whole  range  of  the  science  in  search  of  material  for  its 
investigationfl.  The  physical  chemist  is  neither  organic  nor  inorganic, 
or  rather  he  is  either,  according  to  his  reqniremeute,  but  it  is  precisely 
because  the  inorganic  field  is  wider  and  less  developed  than  the  organic 
that  his  demands  are  more  likely  to  be  prodnctive  of  activity. 

Energetics  is  now  the  basis  of  chemistry,  and  it  is  to  be  expected, 
therefore,  that  inorganic  chemistry  will  nut,  in  tlie  ftitnre,  have  to  pass 
throngb  a  period  of  aiTcsted  development  and  formula  worship,  socb 
as  have  so  long  affected  organic  chemistry.  There  will  always  be  com- 
pound makers,  but  their  aim  will  be,  not  the  establishment  of  conatitn- 
tional  formulas  alone,  but  the  study  of  the  laws  of  chemical  energy  and 
the  solatiou  of  the  problem  of  the  nature  of  matter.  We  may  expect, 
too,  that  the  still  sharp  line  of  demarcation  between  inorganic  and 
organic  chemistry  and  between  dead  and  living  matter  will  disappear. 
The  inorganic  chemist  may  not  affect  the  synthesis  of  a  proteid,  but  be 
will  be  able,  with  his  wider  knowledge,  to  contribute  mwe  to  the 
solution  of  the  problem  of  the  nature  of  life  than  any  amount  of  stmc- 
turizing  and  synthesizing  alone  can  do.  To  comprehend  life  we  must 
understand  carbon,  bnt  we  can  no  more  fatly  comprehend  carbon  with- 
out an  auderstau<ling  of  the  other  elements  than  we  can  explain  the 
earth  without  a  knowledge  of  the  other  planets,  or  man  without  a 
knowledge  of  the  fish.  He,  then,  who  pnrsaes  inorganic  chemistry  is 
not  only  contributiitg  to  a  higher  development  of  our  science  than  can 
be  reached  by  the  study  of  carbon  compounds  alone,  bat  is  perhaps 
doing  as  much  as  the  organic  chemist  toward  realizing  one  of  the 
greatest  aims  of  research — the  comprehension  of  life  aud  its  explana- 
tion in  terms  of  physical  science. 
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SCIENTIFIC  BALLOONING.' 


By  Rev.  Jorh  M.  Bacon, 


Tbe  story  runs  that  early  in  the  eighties  of  last  century  two  youiig 
gentlemen  in  Paris  were  trying  to  make  a  paper  bag  float  iu  the  air  by 
tilling  it  with  smoke,  in  which  attempt  they  met  with  extremely  limited 
snccess.  KindliDg  light  fuel  in  a  tin  plate  and  holding  the  bag  above, 
the  latter  became  distended  and  bouyant  nnttl  removed  from  tlie  flame, 
when  it  promptly  collapsed.  This  experiment,  however,  was  witnessed 
by  their  housekeeper,  who  coming  into  tbe  room  at  the  moment,  naively 
asked  the  yoaitg  philosophers  why  they  did  not  tie  the  tin  on  at  the 
bottom. 

That  old  lady  deserved  undying  fame.  Her  idea  it  was  that  launched 
the  first  balloon  into  space;  yet  her  name  is  lost  to  history.  Sueh  is 
tbe  way  of  fate.  Columbns  discovered  America,  yet  the  name  of  the 
new  world  was  borrowed  from  a  man  who  remained  at  home  and  wrote 
a  book.  Anyway,  it  is  a  fact  that  tbe  Mongolflers  are  credited  with 
the  invention  of  the  hot-air  balloon,  and  to  their  perseverance  certainly 
is  due  the  first  snccessful  step  in  aeronautics. 

A  machine  to  float  in  the  air  was  from  this  time  an  accomplished  fact. 
The  world  was  electrified.  No  sooner  had  the  first  adventurers  reuched 
the  clouds  than  everyone  indulged  in  extravagant  speculations  as  to 
the  wealth  of  new  knowledge  that  was  thought  to  be  brought  within 
reach.  A  new  kingdom  had  been  discovered,  boundless  and  onfath- 
omed,  and  heaven  itself  bad  beeu  almost  taken  by  storm.  Man  bad 
yet  to  be  taught  that  he  coold  penetrate  but  a  very  little  way  into 
these  new  realms  and  live,  and  that  be  was  powerless  even  to  guide  his 
course.  A  few  stubborn  facts  were  learned,  a  few  brave  lives  were 
lost,  and  then  soon  some  sort  of  scientific  and  systematic  investigation 
was  set  on  foot. 

In  the  first  years  of  the  present  century  the  Emperor  of  Russia  bade 
one  Professor  Robertson  to  go  up  and  determine  many  things.  He 
was  to  discover  bow  the  magnetic  needle  behaved  at  a  great  height; 
how  much  electric  matter  existed  there;  how  a  prism  would  act;  how 
a  bird  would  fly;  with  many  other  such  inquiries,  which,  however,  led 
to  no  results  of  value. 

'B«printed  Trom  the  Contemporary  Review,  December,  1898,  by  permiadon  of 
Leonard  Scutt  Publication  Compaoy.  , 
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The  like  task  of  radimentary  research  was  now  trftDsferred  to  Prance, 
but  with  more  method,  and  Gay  Lnssac  ^t  np  into  regions  not  less 
than  4  miles  above  the  earth,  There,  among  other  things,  be  bottled  off 
air,  and  bringing  it  down  to  his  laboratory,  examined  and  declared  it 
uualtered.  About  this  time,  also,  some  meteorological  observations  ot 
interest  were  carried  out  during  ascents  which  were  creditable  if  only 
for  the  altitudes  attained.  Bnt  the  crowning  enterpnse  of  this  period 
was  the  famous  Nassau  voyage  of  the  immortal  three  who  in  the  year 
1836  made  a  night  journey  from  London  to  the  heart  of  Germany  by  an 
untried  way,  and  in  the  face  of  such  risks  and  chances  as  of  their  kind 
bad  never  before  been  confronted. 

The  undertaking  was  due  to  the  enterprise  of  the  leader,  Mr.  Robert 
Hollottd,  its  successful  issue  to  the  skill  of  an  aeronaut,  Ur.  Oharles 
Green,  while  the  record  of  the  night's  adventure  is  graphically  recorded 
by  the  chronicler  of  the  party,  Mr.  Monck-Mason.  Doubtless  aerial 
navigation  received  a  great  impetus  from  an  exploit  of  such  daring,  and 
it  will  be  hardly  out  of  place  to  give  one  example  of  such  incidents  as 
the  night  brought  with  it,  which  will  serve  to  show  the  lack  of  experi- 
ence and  knowledge  of  the  craft  then  existing. 

It  was  abont  3.30  in  the  early  morning  when  their  balloon,  which  had 
recently  been  lightened  by  a  discharge  of  ballast,  was  suddenly  found 
to  have  attained  the  unexpected  height  of  12,000  feet.  At  the  same 
moment,  while  all  around  was  wrap)>ed  in  the  very  darkness  and  still- 
Dees  of  death,  just  above  them  camethesoundof  an  explosion,  followed 
by  the  rustling  of  the  silk,  and  a  moment  later  the  car  received  a 
violent  jerk.  The  party  held  their  breath,  while  the  same  thing  hap- 
pened a  second  and  a  third  time,  and  then  all  was  still.  At  this 
they  were  seized  with  the  conviction  that  away  np  in  that  awful  region, 
in  the  dead  of  night,  the  balloou  had  burst  and  that  they  were  falling 
headlong  to  the  earth.  The  explanation,  unknown  to  them  at  the  time, 
was  this:  When  flying  low  the  balloou  had  contracted  and  elongated, 
and  its  moistnre-laden  net  must  have  frozen  ronnd  it  hard  as  steel. 
Then  on  its  rising  and  swelling  out  again  into  its  globular  shape,  the 
frozen  ropes  had  beut  to  their  new  position  with  a  crack  and  a  bang, 
and  jerked  the  car  in  bo  doing. 

No  real  mishap  occurred,  the  famous  voyage  being  as  saccessfnl  as 
it  was  daring;  and  from  that  time  onwards  we  may  transfer  oar  sole 
attention  to  English  enterprise,  and  in  particular  to  the  famous  career 
presently  to  be  borne  in  partnership  by  Messrs.  Glaisher  and  Ooxwell. 

If  Tennyson  was  a  born  poet,  Coxwell  was  born  an  aeronaut.  He 
could  not  exist  in  any  other  path  of  life,  and  in  the  very  face  of  fortune 
qnickly  took  first  rank  in  his  protessioo ;  while  Mr.  Glaisher,  from  early 
years  a  trained  observer  and  blessed  with  a  zeal  and  perseverance  sel- 
dom equaled,  literally  threw  his  life  into  ballooning  ventares  in  the 
cause  of  science.  His  review  of  the  task  be  undertook,  its  difficulties, 
and  at  the  same  time  its  possibilities,  is  a  commentary  on  hia  working 
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years.  He  speaks  of  the  realm  of  air,  bis  fbtore  hanting  ground,  as 
the  "great  laboratory  of  changes  vhioh  contaiu  the  germ  of  future 
discoveries  open  to  the  chemist  aod  meteorologist,  as  teaching  the  rela- 
tion to  life  of  differeut  heights,  and  as  holding  within  its  nameless 
shores  a  thousand  disooTeries  to  be  developed  in  the  hands  of  physi- 
cists." We  shall  have  occasion  repeatedly  to  refer  to  his  methods  and 
the  harvest  of  results  secured  by  his  researches. 

A  word  shonld  here  be  said  as  to  the  capabilities  of  a  balloon  as  a 
craft  to  navigate  the  sky,  and  it  shonld  be  remarked  that  Mr.  Olaisber 
himself  was  fally  persuaded  of  the  futility  of  any  self-contained  mode 
of  steering.  A  vast  amount  of  ingenuity  and  speculation  had  been 
bestowed  npou  this  problem,  which,  experimenters  had  failed  to  see, 
admits  of  no  solution.  It  is  easy  to  understand  how  theorists  might 
start  on  false  premises  and  entertain  conceptions  that  were  hopeless  of 
fulfillment.  A  bird  flies  at  will  tbroagh  the  air,  a  fish  directs  its  owu 
course  in  the  stream;  hence  it  was  nrged  that  a  balloon  should  be 
capable  of  guidance.  The  essentia)  point  overlooked  was  the  radical 
difference  between  a  creature  endowed  with  enormous  natural  iKiwers 
of  propulsion  relative  to  its  size  and  an  inert  balloon  in  the  nature  of 
which  the  application  of  adequate  mechanical  power  is  an  impos- 
sibihty. 

Let  us  examine  the  two  cases.  A  salmon  impelled  by  the  exigen- 
cies of  nature  will  swim  for  miles  against  the  force  of  a  mountain 
stream,  and  even  leaping  the  waterfall  will  stem  and  struggle  through 
the  very  torrent  falliQg  headlong  from  above.  But  conceive  the  fish's 
balk  compelled  to  assume  the  spherical  form  of  a  balloon  and  the 
creature  at  once  acquires  an  irresistible  tendency  to  gyrate,  while  to 
proceed  in  any  way  different  from  the  rate  and  direction  of  the  stream 
would  need  its  muscular  exertion  increased  a  hundredfold.  On  the 
other  hand,  conceive  a  balloon  of  given  capacity  built  on  the  lines  of 
a  fish,  and  a  moment's  consideration  will  show  that  you  have  then 
only  a  perfectly  unwieldy  craft  of  inordinate  length,  and,  on  the  very 
face  of  it,  more  completely  than  ever  at  the  mercy  of  the  wind.  Given 
a  balloon  poised  and  in  dead  calm,  and  theoretically  the  aeronaut  could 
propel  it  in  any  direction  by  the  mere  aid  of  a  lady's  fan,  but  "  when 
the  breezes  hlow"  the  machine  becomes  simply  an  integral  part  of  the 
general  drift,  like  the  leaf  in  the  stream,  and  is  hurried  onward 
literally  on  the  wings  of  the  wind.  It  needs  no  pointing  out  that  a 
ship  under  sail  hears  no  analogy  soever  to  a  free  balloon.  The  ship  is 
propelled  by  the  motion  of  the  air,  while  it  is  held  under  control  and 
guidance  by  the  restraint  of  the  water;  but  furnish  a  balloon  with 
both  sails  and  rudder  and,  IVeely  in  the  wind,  it  is  obvious  that  the 
first  will  add  nothing  to  its  speed,  and  the  second  will  in  nu  way  affect 
its  coarse. 

In  the  one  case  only  of  when  a  balloon  is  flying  so  low  that  a  trail 
rope  can  be  made  to  drag  on  the  ground,  it  can  he  and  has  been  made 
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subject  to  some  measare  of  gaidance.  Tbe  ottjectioiis,  however,  to 
thuH  retarding  the  balloon'B  motiOD  aod  of  fetteriug  it  to  earth  are 
obvious,  to  aay  nothing  of  the  cousequeoces  liable  to  ensue  when  sach 
a  method  of  procedure  is  adopted  across  private  property. 

Tlie  only  (Hro«tion  in  which  we  may  look  for  any  true  navigation  of 
the  air  would  seem  to  lie  in  the  construction  of  aeroplanes,  or  floating 
machines,  operated  by  eugines  of  great  power  and  relatively  extremely 
small  weight.  Until  such  un  engineering  fact  may  have  been  accom- 
plished the  attention  of  aeronauts  most  be  chiefly  devoted  to  the  study 
of  air  currents,  and  the  force  and  drift  of  prevalent  winds,  and  with 
regard  to  this  a  great  deal  of  important  information  is  lilready  to  hand 
which  should  be  duly  noted. 

As  far  back  as  1840  Mr.  Charles  Green,  of  whose  skill  as  an 
aeronaut  we  have  already  spokeu,  gave  it  as  the  result  of  his  expe- 
rience, gained  in  275  ascents,  that,  under  all  circumstances,  "  at  a 
certaiu  elevation,  varying  occasionally,  but  always  witbin  10,000  feet 
of  the  earth,  a  current  from  the  west,  or  rather  from  the  north  of 
west,  invariably  prevailed."  Indeed,  so  firmly  impressed  was  he  with 
tbe  correctness  of  his  observation  in  this  respect  that  he  propo!<ed  to 
attempt  a  balloon  flight  from  America  to  England,  in  which  he  was 
confident  of  success.  A  very  few  years  later  we  find  Mr.  Wise,  Che 
then  equally  famons  aeronaut  on  the  other  side  of  (he  Atlantic,  seek- 
ing with  like  confidence  to  put  tbe  same  project  into  eGTect. 

But,  naturally,  where  such  constant  winds  prevail  there  must  be 
compensating  currents  found  elsewhere,  and  in  actual  fact  at  varying 
heights;  but  within  a  very  few  miles  of  tbe  earth  currents  are  oftea 
to  be  met  with  blowing  from  every  quarter  in  the  heavens. 

It  was  during  the  memorable  Xasaau  voyage  already  mentioned  that 
Mr.  Green  turned  his  knowledge  of  such  currents  to  account  in  a 
remarkable  manner.  Night  was  coming  on  apace,  and  after  passing 
Canterbury  with  tbe  sea  close  ahead  it  was  noticed  that  their  balloon 
had  come  nnder  the  influence  of  a  change  of  wind  that  would  bear  it 
ont  to  the  German  Ocean.  But  their  skipjter  had  already  mapped  out 
the  drift  of  accessible  currents,  and  consequently  rose  to  the  height  he 
deeme<l  needful,  with  tbe  result  that  he  at  once  regained  bis  dne 
course.  Mr.  Monck-Mason  writes  of  this  that  "  nothing  could  exceed 
the  beauty  of  tbe  maneuver  or  tbe  success  with  which  the  balloon 
acknowledged  its  influence." 

A  very  similar  ex})erience  befell  the  present  writer  during  the  past 
summer  in  a  scientific  excursion  made  iu  company  with  Dr.  K.  Lachlan. 
The  ascent  took  place  in  the  sheltered  grounds  of  the  Crystal  Palace, 
where  tbe  true  force  and  direction  of  the  wind  could  not  well  be  esti- 
mated, but  at  a  few  thousand  feet  a  moderate  current  was  reached 
making  steadily  for  the  southeast.  After  a  while,  however,  on  descend- 
ing near  the  ground  for  a  few  moments  over  Bromley,  and  again 
rapidly  ascending,  tbe  balloon  was  found  ccmsiderably  out  of  ber  coarse, 
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bat  again  took  the  former  direction  dae  to  the  higher  correot.  After 
three  hoars  tbe  coast  of  Sussex  was  sighted  fast  approachiag,  aud  it 
became  a  qaestion  in  the  mind  of  the  aeronaat,  Mr.  Percival  Spencer, 
whether  it  would  be  practicable  to  cross  the  channel.  The  project  was 
eventually  abandoned,  but  not  until  the  outskirts  of  Hastings  were 
readied,  and  tbe  old  part  of  the  town  lay  right  ahead,  stretching  down 
to  the  bare  cliff.  At  this  point,  therefore,  it  might  have  seemed  impos- 
sible to  avoid  either  descending  on  the  house  tops  or  being  carried  out 
to  sea.  The  altitude  was  over  8,000  feet  when  .Mr.  Spencer  first  polled 
the  valve  rope,  and  the  houses  were  already  vertically  nuderneath,  Tbe 
descent  not  being  rapid,  the  balloon  still  sped  seaward  until  it  nesred 
the  forest  of  chimney  stacks  around.  Here,  however,  it  was  caught 
by  a  breeze  blowing  stiffly  from  the  west,  aud  rapidly  clearing  the  town 
was  brought  to  earth  in  Fairlight  (rlen.  The  stratagem  was  simply  a 
display  of  perfect  judgment  on  the  part  of  the  aeronaut,  who,  noting 
and  calculating  accurately  the  ground  current,  had  piloted  his  cralt  to 
a  coDveuient  spot  which  he  had  fixed  on  from  nearly  2  miles  high. 

As  may  be  presumed  the  depth  of  different  currents  varies  vastly, 
but  it  is  very  common  to  meet  with  a  change  of  direction  before  tbe 
first  thousand  feet  is  reached.  Since,  then,  such  finctuations  are  all 
important,  and  also  all  primarily  due  to  relative  temperatures,  it 
becomes  tbe  first  care  of  the  scientific  aeronaut  to  record  continuously 
all  chauges  of  tem|)erature  observed  at  different  heights,  on  different  ■ 
days,  and  at  all  hours  of  the  day  and  nigbL  For,  regulated  by  such 
differences  of  temperature,  seen  or  unseen  columns  of  warm  moist  air, 
or  mist,  will  constantly  rise  off  valleys,  or  woods,  or  crops,  while  return 
supplies  of  cooler  air  will  filter  down  to  earth  from  above,  and  in  this 
way  a  remarkable  condition  of  the  atmosphere,  which  needs  to  he 
investigated  to  be  fully  realized,  may  be  brought  about. 

Late  in  the  evening  and  far  on  into  the  night  the  explorer  of  the 
upper  regions  may  eocouuter,  at  varying  and  uncertain  heights,  tracts 
of  warm  and  genial  air  whose  existence  (;ould  not  be  detected  from 
below,  or,  indeed,  from  any  observations  made  on  mountain  slopes. 
Mr.  (ilaisber  gives  an  interesting  experience  of  an  ascent  of  some 
(i,iH>0  feet  which  he  made  over  verdant  Surrey,  on  a  late  May  evening 
just  before  sunset,  and  repeated  again  immediately  after  sunset. 
Starting  on  the  second  ascent  at  ten  minutes  past  8  the  temperature 
was  5i°,  and  on  his  ascending  this  steadily  declined,  but  not  so  rapidly 
iiB  in  the  ascent  prior  to  sunset,  so  that  at  the  height  of  6,200  feet  the 
temperature,  though  only  35°,  was  6*^  warmer  than  it  had  been  three- 
<)uarter8  of  an  hour  previously.  On  desceudiog  to  4,500  feet,  however, 
it  had  increased  to  37°,  from  which  poiot  it  went  up  by  leaps  Atid 
bounds,  registering  47'^  at  1,500  feet  and  54°  at  900  feet,  below  which 
height  it  ngain  declined  till  earth  was  reached. 

In  a  night  asceut  at  the  end  of  September  the  present  writei 
recorded   similar,   though    somewhat    more   cliangeful,  observations, 
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Leaving  the  earth  at  9.30,  the  temperatore  rose  rapidly  ap  to  600  feet, 
at  which  elevation  a  colder  stratum  was  encoaotered.  lu  another  hau- 
dred  feet  warmer  air  was  agaia  met  with,  after  which  a  second  and  a 
'  third  cold  stratum  was  fonnd  and  passed,  beyond  which  the  air  grew 
sensibly  warmer,  reaching  50°  at  6,000  feet,  tliat  is,  some  15°  higher, 
probably,  than  tlie  earth  temperatare  at  that  moment. 

The  qaestioii,  then,  here  arises,  Do  warmer  layers  exist  above  as 
tme  strata,  or  are  there  rather,  Heating  aloft  and  all  nnseeo,  detached 
massesof  a  warmer  air,  which,  if  risible,  would  resemble  a  mottled,  or 
patchy,  or  stratified  sky  t  This  point  will  be  discussed  later  in  relation 
to  eertaio  phenomena  of  sound. 

It  is  clear,  however,  tliat  though  the  diurnal  rise  and  fall — the 
vertical  ebb  and  flow,  as  it  were — of  atmospheric  currents  near  the 
earth's  surface  is  a  moat  important  factor  demanding  thorough  exami- 
nation, it  is  yet  more  needful  to  trace,  by  all  means  available,  tbe 
vaster  and  more  general  lateral  sweeps  of  the  ocean  depths  above. 
Valuable  information  respecting  such  winds  as  play  over  a  large  con- 
tinent has  been  gathered  from  systematic  observations  made  with  high 
flying  kites  iu  America,  where  confirming  those  views  of  aeronauts 
already  mentioned,  it  has  been  found  that  at  considerable  elevations 
the  kites  have  usually  encountered  winds  blowing  from  tbe  west  while 
a  daily  rotation  of  shallower  winds  prevails  below.  A  remarkable 
characteristic,  moreover,  met  with  is  that  where  the  direction  of  such 
winds  changes,  the  change  may  be  perfectly  abrupt.  It  has,  iudeed, 
been  recorded  by  scientific  balloonists  that  they  find,  in  the  regions 
where  winils  of  different  directions  pass,  that  one  appears  actually  to 
drag  against  tbe  surface  of  tbe  other,  as  though  tolerating  no  interval 
of  calm  or  transition;  and  yet  a  more  striking  fact  is  that  a  very 
hurricane  may  brood  over  a  placid  atmosphere  with  a  clean-cut  surface 
of  demarcation  between  calm  and  storm, 

Mr.  Whymper,  watching  an  eruption  of  Cotopaxi  from  a  station  60 
miles  distant,  observed  a  violent  nprnsh  of  inky  vapor  ascend  quite 
vertically  through  serene  air  till,  as  he  judged,  it  had  reached  an 
altitude  of  20,000  feet  above  the  crater,  or  twice  that  height  above  sea 
level.  At  that  point  it  "encountered  a  {wwerful  wind  bloving  from 
the  east,  and  was  rapidly  borne  toward  the  Pacific,  seeming  to  spread 
very  slightly,  and  presenting  the  appearance  of  a  gigantic  i-  drawn 
upon  an  otherwise  perfectly  clear  sky.  It  was  then  caught  by  wind 
from  the  north,  and,  borne  toward  him,  appeared  to  spread  quickly," 

It  is  not  only,  however,  when  winds  cross  at  difi'erent  heights  tliiit 
this  remarkable  close  restraint  within  their  own  limits  is  to  be  noticed. 
Even  on  the  same  level  contrary  winds  will  maintain  their  distinctive 
How  more  determineiUy  than  cross  cnrrents  of  water  amid  stream. 
Thus,  Mr.  Charles  Darwin  found  on  mountain  heights  winds  tnrhaleDt 
■and  nncimflned,  yet  holding  their  courses  like  "rivers  within  their 
beds;"  so  again   the  Freuoh  aeronauts,  MM.  W.  de  Fonvielle  aad 
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Gaston  Tiasandier,  nee  almost  tbe  same  expression  io  describing  "  a 
warm  river  which  flowed  for  a  whole  month  over  the  cionds." 

We  may  thns  draw  an  ontllne  sketch  of  the  movements  of  the  great 
atmospheric  ocean,  its  tides,  its  streams,  and  torrents,  bnt  a  just 
examination  into  its  coustitation  goes  farther  than  the  consideration 
of  temperatnres  and  currents.  Fully  as  important  as  either  is  the 
question  of  humidity,  while  no  records  with  which  the  aeronaut  has 
had  to  deal  are  more  carious  or  more  iustrnctive  than  those  that  come 
nnder  this  bead. 

Going  back  to  the  times  which  witnessed  the  early  exploits  previ- 
onsly  mentioned,  we  find  Mr.  Monck-Masou  formulating  a  theory 
that  when  rain  falls  and  sky  is  overcast  there  will  be  farther  cload 
layers  above,  while  on  the  contrary,  when  no  rain  falls  and  tbe  sky 
is  overcast,  there  will  be  blue  sky  above.  Thirty  years  later  Mr, 
Glaisher  records  an  ascent  which,  while  lending  confirmation  to  this 
theory,  supplies  other  noteworthy  observations.  It  bad  been  a  calm, 
brilliant,  and  promising  June  morning  till  noon,  when,  iu  a  manner 
common  enough  in  our  summers,  cionds  had  suddenly  blown  up  and 
darkened  the  sky  so  forbiddingly  that  a  very  hasty  departure  was 
made,  and,  with  great  lifting  power,  his  balloon  rose  4,000  feet  in  foar 
minutes.  Passing  through  a  cold,  damp  cloud  at  that  height,  he  found, 
contrary  to  bis  expectations,  farther  clouds  above,  and  at  9,000  feet 
the  air  was  full  of  the  sighing  of  the  wind  that  presages  storm.  At 
that  point,  however,  the  sun  shone  momentarily,  encouraging  the 
belief  that  doads  would  soon  be  passed.  Bat  instead  of  this  the 
balloon  again  ascended  into  fog  mingled  with  fine  rain.  The  experi- 
enced aeronaut  and  meteorologist  now  seems  to  have  become  fairly 
astounded  at  his  results.  At  12,000  feet  he  entered  a  wet  fog,  grow- 
ing drier  at  16,000  feet;  then  the  sun  peeped  out,  and  then  again 
came  wet  fog,  A  thousand  feet  higher  the  fog  was  dry.  A  thousand 
feet  higher  yet  the  sun  once  more  gleamed  for  a  moment,  and  then 
gave  place  to  fog,  growing  wetter,  but  soon  passed.  At  20,000  feet 
dense  clouds  were  still  overhead,  fringed  and  watery,  while  but  a 
little  higher  patches  of  blue  sky  appeared  with  floating  cirrus  far 
above. 

Contrasting  with  this  may  be  recorded  tbe  register  obtained  daring 
tbe  late  exceptional  summer  by  the  writer  in  a  series  of  ascents  in 
afternoon  and  night  hours  from  the  Crystal  Palace,  from  Newbury, 
and  from  Clifton,  which  showed  consistently  an  almost  nnlformly  dry 
and  thirsty  condition  of  the  atmosphere  np  to  the  highest  attitude 
reached;  and  where  clouds  were  met  with  they  were  fast  thinning 
away.  Wandering  cloudlets  would  wend  along  and  vanish  into  air, 
like  the  steam  of  a  passing  train.  There  was,  however,  one  notable 
exception  during  an  evening  in  mid-September,  when,  traversing 
Somersetshire  at  an  elevation  of  3,000  feet  and  upward,  the  air, 
though    remaining    clear    as  before,  had  become  saturated  with  a 
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moisture  unseen  and  ansnspected,  bat  which  proved  the  trne  herald 
of  the  short  break  that  immediately  after  occurred  in  the  hot,  dry 
season. 

A  fair  indication  of  the  tnoistare  present  in  a  olear  heaven  may, 
perhaps,  often  be  fonud  in  the  tint  of  the  bine  sky — toned  to  gray  in 
dry,  east  winds,  pale  daring  eontiunance  of  droagbt,  and  deep  blue 
wlieit  storms  are  imminent.  However,  enongh  has  been  said  to  show 
tliat  we  nm.-(t,  us  a  general  rule,  by  no  means  regard  even  our  cleaivst 
skies  as  homogeneous  or  uniform.  Moisture  will  lie  around  or  above 
in  pools  or  shallow  seas,  and  close  observation  in  addition  to  delicate 
instrumental  aid  is  needed  to  measure  even  approximately  its  varying 
constitution.  Bat  there  is  a  subtler  test  that  now  claims  our  notice, 
and  which  is  capable  of  far  greater  development  than  has  been  accorded 
to  it.  A  few  records  gathered  irom  a  long  series  of  observations  will 
iutroduce  and  justify  this  new  division  of  oar  subject. 

From  a  high  ridge  in  Berkshire  there  is  occasionally  to  be  heard 
the  sound  of  the  firing  of  guns  at  Aldershot,  30  miles  to  the  eastward. 
These  guns  are  chiefly  noticed  in  the  summer  time,  when  there  is  very 
rarely  an  east  wind  to  help  the  sound.  Occasionally  the  reports  are 
mistaken  for  distant  thunder,  and  thus  cause  alarm  at  a  time  when  bay 
harvest  is  in  progress.  There  is,  however,  a  saying  in  the  district  that 
the  "  guns  are  worse  than  thunder,"  and  this  because  they  forecast 
not  a  passing  or  local  storm,  but  rather  the  approach  of  generally 
un;<ettled  weather.  It  is  easy  to  prove  that  it  is  a  continuity  of  an 
uniform  moisture -laden  air  stretching  across  that  part  of  the  country 
that  is  the  cause  of  the  phenomenon.  The  testimony  of  seamen  and 
other  trained  observers  goes  to  show  that  homogeneous  moist  air  or 
mist  is  the  readiest  vehicle  of  sound;  that  dry  air  seldom  or  never 
conveys  sound  so  readily;  while  an  atmosphere  of  varying  density 
renders  all  sound  capricious. 

From  a  sheltered  qniet  lawn  the  Aldershot  gnus  had  not  been 
noticed  all  through  the  late  summer  until  far  on  in  one  afternoon  in 
the  middle  of  August,  when  their  sound  rolled  out  with  great  dis- 
tinctness, the  weather  to  all  appearance  remaining  unchanged  and  the 
barometer  standing  firm  and  high.  In  the  night,  however,  thunder 
was  heard  for  some  two  hours,  the  first  time  for  many  weeks,  and  io 
the  morning  the  guus  were  heard  again  more  distinctly  than  before. 
In  this  case  sonnd  had  been  tbe  clearest,  and,  indeed,  the  only  telltale 
of  a  humid  layer  of  the  atmo8i>here  brooding  over  the  countryside. 

Arguing,  however,  by  the  light  of  such  statistics  as  have  been 
given  above,  there  was  no  proof  here  of  the  trae  condition  of  the  air 
at  higher  elevations;  but,  as  it  happened,  only  three  days  previoasly, 
the  writer,  during  an  aerial  trip,  had  bad  occasion  to  note  some 
remarkable  acoustic  couditiouK  prevailing  aloft.  Weather  conditions, 
as  indicated  by  hot  sunn  and  clear  skies,  by  readings  of  temperature 
and  pressure,  remained,  intleeil,  unchanged,  but  there  had  been  indi- 


SCIENTIFIC  BALLOONING.  315 

catiouH  of  disturbance  overnight,  and  at  Earl's  Coart,  for  two  hoars 
before  closing  time,  tlie  captive  balloon  had  had  to  be  bauled  down. 
Still  on  the  day  Id  question  there  was  nothing  of  a  natare  nnnsaal 
save  a  fltfiii,    gnaty  wind,  and,  perhaps,  a  feeling  of  languor  in  the  air. 

The  ascent  was  made  at  4  p.  m.  from  tbe  Crystal  Palace,  and  the 
balloon's  conrse  lay  dire<^tly  over  London  at  a  mean  height  of  4,000  feet. 
Tbe  thermometer  indicated  nothing  abnormal,  there  being  a  fall  of 
half  ft  dozen  degrees  in  tbe  dry  bulb,  and  an'  amount  of  general 
moisture,  shown  by  the  wet,  eoniparnble  witb  that  recorded  below 
previously  to  starting,  only  fluctuating  constantly  witbin  small  limits. 
One  matter  of  consideration  only  was  remarkable,  namely,  sound,  and 
this  was  noteworthy  by  its  absence.  The  cheer  of  the  crowd  lost  its 
wonted  heartineai:,  lesser  sounds  were  nuite,  even  whistles  forgot  their 
shrillnesB,  and  the  raucous  rattle  of  the  giant  city  was  reduced  to  a 
mere  dull  bum.  But  not  till  tlie  <juiet  country  to  the  north  of  London 
was  reached  did  tbe  full  measure  of  acoustical  opacity  in  the  atmos- 
phere betray  itself.  Tbis  is  well  tested  by  means  of  echo.  A 
hunting-horn  forms  a  convenient  instrument  for  evoking  echoes,  aud 
very  frequently  it  is  easy  to  hear  Ibe  sonnd  of  a  blast  returned  to  a 
balloon  across  an  iut«rval  of  upward  of  2,iiOO  feet.  Of  coarse  the 
nature  of  the  country  over  which  tbe  aeronaut  is  traveling  at  tbe 
moment  greatly  intlnences  the  result.  The  waves  of  sonnd  recoil  from 
trees  more  readily  tliau  from  fields,  mostrea<)ily  of  all  from  the  surface 
of  still  water;  bnt  days  have  been  found  when  fields  in  open  country, 
irrespective  of  their  cliaracter,  have  clearly  responded  to  the  bom, 
though  lying  a  full  half  mile  below.  There  was,  then,  much  signifieanee 
in  tbe  fact  that  on  the  day  now  being  described  echoes  refused  to  be 
aroused  even  at  tbe  range  of  a  few  hundred  feet.  Tbe  explanation 
apjtareiitly  lay  in  the  unequal  nature  of  the  medium  through  which 
the  sound  had  to  travel.  Tbe  air  was  presumably,  as  it  were,  broken 
up  in  patches,  and  barred  the  paHsage  of  soaiid  much  as  glass  when 
broken  up  will  impede  the  paasageof  light.  We  may,  indeed,  conceive 
the  air  to  have  been  invisibly  mottled,  after  tbe  manner,  say,  of  a  finely 
divided  mackerel  sky;  a  transient  condition  of  things,  no  doubt,  and 
we  apparently  see  bow  three  days  later  the  moister  masses  had  settled 
in  a  general  low-lying  layer. 

We  may  here  note  that  Mr.  QIaisber's  published  statementu  witb 
regard  to  sounds  beard  trom  a  balloon  are  interesting  and  valuable, 
tie  reports  tbat  the  whistle  of  a  train  is  audible  at  10,000  feet,  tbe  train 
itself  at  8,200;  the  bark  of  a  dog  at  6,900;  shouting  of  men  and  women 
at  5,000,  and  so  on;  bnt  since  tbe  writing  of  tbat  report,  atmospheric 
refraction  and  reflection  of  sound  have  become  established  facts.  So 
also  tbe  strengthening  of  sound  by  resonance;  its  extinction  by  inter- 
ference, and  that  curious  modification  it  occasionally  undergoes  whereby 
the  same  sounds  may  vary  in  relative  intensity  on  diS'erent  days. 

No  more  important  inquiry  can  come  within  the  province  of  the  aero- 
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Dant  than  as  to  the  mode  aad  measare  in  whiob  his  ovu  proper  elemeDt 
conveys  the  Bound»  we  hear,  and  maybap  qaeuches  those  sounds  ve 
don't  bear.  Some  avenue  of  sound  tbroafch  the  void  below  has  some- 
times admitted,  for  a  moment  only,  the  strains  of  a  band  or  clang  of  a 
bell,  which  the  iiezt  moment  has  been  lost  utterly.  Sometimes,  far 
beyond  its  proper  range,  some  noise  from  earth  has  been  caught  in  the 
hollow  of  a  cloud,  as  by  a  sonnding-board,  and  concentrated  loudly 
upon  the  ear  of  the  balloonist.  Sometimes  an  interreniDg  cloud  far 
down  lias  damped  the  roar  of  a  train  more  effectaally  than  even  the 
moss  of  a  hill  has  done,  when  the  train  had  been  burroving  throngb  a 
tunnel. 

.  In  all  cases,  with  one  possible  exception,  sonnds  heard  alotl  lose 
reverberation.  Mr.  Whymper  describes  thander  on  the  monntain  side 
as  uttering  a  "  single  bang,"  so  to  a  voyager  in  the  sky  will  a  gun  on 
Plnmstead  Marsh  speak  with  a  single  yelp.  Bat  Professor  Tynda)l,on 
one  occasion,  convinced  himself  and  those  wlio  stood  around  him  that 
reverberation  could  be  found  in  empty  air,  and  that  echo  can  be 
returned  from  an  acoustic  cloud  invisible  to  the  eye.  This  interesting 
jwint  is  being  investigated  by  the  aeronaut,  with  results  that  will 
shortly  be  more  complete.  Unquestionably  the  entire  physics  of  the 
firmament  will  shortly  have  undergone  the  closest  scrutiny,  its  compo- 
sition, the  proportion  of  newly  found  constituents  at  highest  accessible 
elevations,  the  amount  of  carbonic  acid  it  holds,  the  measurements  of 
its  electricity,  the  condition  and  character  of  matter  in  suspension,  the 
prest^nce  or  absence  of  germs.  These  are  questions  all  important,  and 
on  whii^h  many  facts  have  been  amassed,  but  on  which  it  may  be  jire- 
matnre  to  generalize. 

The  balloon  has  now  to  be  recognized  as  an  indispensable  observa- 
tory. In  some  ways  it  affords  the  student  of  astronomy  and  optics 
opportunities  which  can  not  be  gained  in  any  station  on  earth.  The 
extraordinary  brilliance,  and  steadiness  of  celestial  objects  viewed  by 
optical  aid  from  a  balloon  1U,U00  or  12,000  feet  above  sea  level  moat 
be  seen  to  be  realijsed.  Indeed,  from  half  that  height  the  fall  moon, 
regarded  tbrongh  an  ordinary  field  glass,  becomes  an  object  intolerable 
to  gaze  upon.  Biittheoase  is  far  otherwise  on  mountain  observatories, 
which  can  not  be  wholly  free  from  distarbiug  currents  or  from  that 
peculiar  stratum  of  air  always  and  everywhere  clinging  to  earth. 

It  is  obvious,  then,  how  many  qnestious  can  be  dealt  with  to  great 
advantage  from  higher  and  purer  regions.  Most  important  data  are 
being  gathered  bearing  ou  refraction  as  influenced  by  altitude,  by 
temperature  and  humidity.  Spectroscopic  observations  taken  from  the 
earth,  and  again  a  few  minutes  later  from  some  thoasands  of  feet  above, . 
are  destined  to  throw  very  valuable  light  on  those  lines  which  have 
simply  a  telluric  origin.  Again,  many  doubtful  observations  needing 
low  powers,  and  hitherto  made  from  earth,  will  receive  a  crucial  test 
when  repeated  from  above;  and  rare  phenomena,  such  as  a  total  solar 
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eclipse  or  shower  of  meteors,  too  often  bid  from  the  observer  belov, 
can  hardly  escape  the  view  of  the  voyager  above  the  cloods.  It  is  even 
reasonable,  indeed,  to  hope  that  the  corona  may  be  photographed 
without  eclipse. 

Some  little  special  training,  no  doubt,  is  needed  in  the  observer 
himself.  He  has  to  grow  aocostomed  to  the  somewhat  cramped 
qoarters  within  which  he  is  confined;  not  less  to  the  novelty  of  the 
situation  and  to  the  fact  that  his  observatory  seldom  remains  for  a 
single  moment  in  any  one  position.  He  learns  only  by  experience  not 
to  encumber  himself  with  sapeirfluous  apparatus  and  not  to  attempt 
too  mnch  or  too  varied  work  on  any  one  voyage.  It  is  noteworthy,  too, 
how  much  incongruity  is  found  in  the  experiences  of  different  indi- 
viduals. To  one,  on  ascending,  the  earth  will  seem  to  recede  from 
beneath  and  hollow  itself  out,  as  it  were,  into  a  basin  bounded  only  by 
the  horizon.  To  another  no  optical  illusion  is  noticeable,  and  the  earth, 
fVom  all  considerable  heights,  will  appear  only  as  a  dead  level.  With 
many,  but  by  no  means  all,  aerial  travelers,  when  rapidly  ascending 
or  descending,  there  may  be  a  certain  feeling  of  distress  in  the  ears, 
interfering  more  or  less  with  the  sense  of  hearing,  but  transient  and 
generally  relieved  by  the  mere  act  of  swallowing. 

On  clear  days,  as  higher  altitudes  are  reached,  all  voyagers  will  be 
conscious  of  such  sensations  as  are  experienced  on  mountain  heights, 
the  fierce  rays  of  the  sun  appearing  almost  capable  of  blistering  the 
skin,  even  though  the  air  grow  very  sensibly  colder.  There  will  be  few, 
also,  who  will  not  own  to  a  great  exhilaration  of  spirits,  which  renders 
the  task  of  concentrating  the  mind  on  strict  observational  work  some- 
what difficult  and  irksome.  Some  striking  feature  of  the  shifting  pano- 
rama, some  opening  fairy  scene  in  the  heavenly  glories  of  dondland,  will 
almost  irresistibly  divert  the  attention. 

It  is  sad,  indeed,  that  these  indescribable  beauties  do  not  lend 
themselves  readily  to  photography  and  can  never  be  done  justice  to 
by  artist's  brush.  With  the  startling  suddenness  of  a  transformation 
scene  there  will  sometimes  burst  on  the  view  a  vision  of  aerial  Alps  ot 
purest  snow  and  limitlei^s  in  range;  towering  mountains  and  deep 
ravines,  rocks  with  yawning  chasms,  giving  place  to  true  castles  in  the 
air  with  frowning  battlements,  dissolving  in  their  turn  into  forests  of 
towers,  domes,  and  spires,  and  all  the  while  the  beholder  is  conscious 
that  this  is  not  illusion,  but  a  reality  of  bis  new  home,  and  that  for  the 
time  be  himself  is  a  naturalized  inhabitant  of  the  sky. 

Later  on  fresh  conditions  unknown  on  earth  will  commonly  prevail. 
The  sun,  hastening  to  the  west,  seems  loath  to  withdraw  his  warmth, 
and  as  the  distance  becomes  swallowed  up  in  gloom  and  shades  grow 
darker  beneath  there  is  the  feeling  that  the  rawness  of  evening  is 
absent,  and  the  night  grows  genial  instead  of  chiU. 

One  special  peculiarity  in  daylight  ascents,  always  more  or  less 
pronounced,  has  to  be  reckoned  with  in  taking  photographs  or  making 
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Tiaaal  observations  of  any  scenes  be]ov,  viz,  the  haze  that  veils  the 
lower  levels  from  the  traveler  aloft.  This  ib  a  trae  physical  fact,  and 
due  to  the  particles  of  low-lying  matter  in  saspeDsioD,  which,  present- 
iiifi:  their  Bun-lit  surfaces  towanl  an  observer  above,  create  a  glare  to 
hia  vision,  while  to  another  observer  on  the  earth  the  same  dost  motes, 
presenting  only  their  shaded  sides,  do  not  betray  their  presence  save 
by  somewhat  diminishing  tbe  direct  light  of  the  itky.  On  one  occasion, 
when  rising  almost  perpendicularly  to  a  great  height  above  the  Crystal 
Palace,  wl-tli  the  snn  bright  overhead,  dense  white  cloud  nreaths 
entirely  obliterated  the  scene  below,  yet  visitors  in  tbe  Palace  groaode 
continued  to  watch  the  balloon,  bnt  half  hidden  in  what  appeared  to 
them  unly  the  thinnest  summer  cloudlet. 

Perhaps  the  most  serious  drawback  to  ballooning  in  our  own  oonntry 
is  the  very  limited  territory  over  which  it  can  be  practiced.  A  gale 
blowing  60  or  TO  miles  an  hour  would  render  a  voyager  above  tbe 
clouds  soon  liable  to  be  carried  out  to  sea  without  his  knowledge,  and 
unless  he  can  see  stationary  objects  below  he  is  usaally  quite  ignorant 
of  his  rate  of  travel.  He  is,  indeed,  for  the  most  part  unconscious  of 
all  wind  or  of  any  motion  of  his -own  vessel,  until,  with  anchor  cast 
overboard,  she  at  length  strikes  earth.  It  is  then  in  rough  weather 
that  delicate  instruments  are  apt  to  take  harm.  It  is  then  that  fellnw- 
paasengera,  for  mntual  safety,  mu.st  stick  by  their  craft  and  bold  on 
well  together.  In  other  words,  it  is  then  that  the  fun  begins.  And 
maybe,  riding  steeplechase  with  a  cripple  balloon,  bowling  overoiK'n 
country  before  a  stiff  wind,  yields  little  in  excitement  to  a  brush  with 
the  Pytchlcy. 

Such,  however,  must  be  considered  record  occaaions.  The  more 
common  experience' on  descending  is  to  approach  the  earth  with  an 
onward  Hight  no  faster  than  pursuing  peasants  can  run.  Speed  in 
genei'al  is  in  proportion  to  elevation.  On  the  occasion  juat  referred 
to,  tbe  balloon  in  queation  remained  hovering  over  the  Oryatal  Palace 
grounds,  and  apparently  over  the  same  spot  in  the  groands,  for  some 
twenty  minutes,  till,  as  altitude  increased,  the  whole  inclosure  hail,  to 
all  appearance,  shrunk  together  to  the  dimensions  of  a  toy  model, 
when  the  balloon  began  to  draw  away  at  a  steadily  increasing  rate,  and 
reached  Hainham  in  Eaaex  at  an  average  speed  of  7  milea  an  hour. 

To  pursue  aerial  travel  at  its  beat  it  will  perhaps  be  agreed  that  a 
height  not  exceeding  3,000  or  4,U00  feet  will  be  most  convenient,  bnt  it 
must  be  remembered  that  a  balloon  never  maintains  for  long  the  same 
altitude.  Beaching  regions  of  less  atmosplieric  pressure,  and  other 
conditions  remaining  the  same,  a  portion  of  gas  escapes,  causing  the 
balloon  to  descend  until  checked  by  discharge  of  ballast,  when  it  again 
changes  its  motion,  and  like  an  unsteady  balance,  oscillates  above  and 
below  its  true  level  of  equilibrium. 

For  eye  observations  of  earth  no  higher  altitudes  need  be  deaired. 
Olouds  not  intervening,  the  diatance  for  30  miles  will  often  be  distinctly 
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delioed  while  m»uy  huudreilH  of  Hquare  miles  lie  displayed  ou  -.x  map  in 
w)iicb  every  detail  is  deliueated,  and  often  throwu  iuto  strong  relief  of 
ligbtand  shadow.  Unrr;ing  over  town  and  village,  over  patcliwork 
fields  and  wood  and  river,  the  shadow  of  the  balloon  itself  may  eom- 
mouly  be  traced,  aud  ever  and  auon  stray  messages  from  earth  will 
reach  the  uar.  The  shriek  of  a  distant  train,  the  hour  tolled  out  from 
some  church  tower,  even  the  musical  murmur  of  the  woods  far  down; 
and  though  the  air  around  is  bereft  of  bird  or  insect  life,  a  wandering 
ball  of  thistledown  may  come  floating  upward  borne  on  some  unseen 
current. 

Enough  has  been  said  to  show  the  many  capabilities  of  a  balloon, 
while,  on  the  other  baud,  its  disa<l vantages  are  far  more  ap^^arent  than 
real.  Itn  danger  is  greatly  exaggerated.  With  due  care  and  caution  a 
voyage  through  the  air  carries  no  greater  risk  than  a  voyage  by  sea- 
Many  times  from  want  of  care,  or  else  through  emergency,  a  balloon 
has  been  brought  precipitately  to  earth,  but  under  these  circumstances 
in  far  the  minority  of  cases,  the  collapsing  silk  has  formed  a  natural 
parachute  and  saved  the  voyagers  from  barm. 

There  are  other  chances,  too,  in  cases  of  mishap,  still  in  favor  of  the 
aeronaut.  On  one  occasion  Mr.  Coxwell,  falling  half  a  mile  with  a 
biukeu  valve,  landed  scatliless  in  an  apple  tree. 
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TEIE  TUNDRAS  AND  STEPPES  OF  PREHISTORIC  EUROPE.' 


By  Prof.  James  Gbikib,  D.C.L.,  LL.D.,  F.R.S. 
(With  map.) 


I. 

We  are  all  familiar  with  tbe  general  couvlusion  arrived  at  by  geologists 
that  our  earth  has  experieoced  many  climatic  changes.  There  have 
been  tiioeH  when  genial  conditions  rangetl  up  to  the  highest  latitudes, 
and  times  al80  when  the  cold  of  the  arctic  regions  descended  to  what 
is  now  onr  temperate  zone.  Tbe  canse  or  cauaen  of  those  remark- 
able vicissitudes  still  bafHe  research.  Many  explanations  have  been 
Rdvancc<l — some  highly  improbable,  otberx  perhaps  more  likely,  while 
of  yet  others  it  may  be  said  that  ]>ossib1y  tbey  contain  a  certain  amount 
of  troth.  Bnt  no  one  theory  or  hyiwthesis  has  succeeded  in  gaining 
general  assent,  and  we  shall  nut  therefore  at  present  concern  ourselves 
with  any.  In  place  of  reviewing  hypotiieses  and  speciilatione,  I  shall 
limit  myself  to  a  survey  of  certain  facts  connected  with  the  later  geo- 
logical history  of  our  continent,  the  meaning  of  which  is  more  or  less 
apparent.  The  evidence  referred  to  leads  to  the  conclasion  that  Middle 
Europe  has  within  the  humiin  period  experienced  couditions  such  as 
now  obtain  in  the  tundras  and  barren  grounds  of  circumpolar  regions. 
When  these  conditions  passed  away,  the  central  and  west-central 
areas  of  our  continent  became  stepi>e  lands,  comparable  as  regards 
climate  to  the  subarctic  steppes  of  southeast  Russia  and  southwest 
Siberia. 

As  geologists  reason  from  the  present  to  the  past,  it  will  be  well  to 
take  first  a  brief  glance  at  those  regions  of  tbe  globe  where  at  present 
tnndra  and  steppe  conditions  respectively  prevail.  When  we  have 
realized  the  salient  i^haracters  of  those  regions,  and  the  nature  of  their 
Horas  and  faunas,  we  shall  be  in  a  better  position  to  understand  the 
bearing  of  the  geological  evidence. 

I  A  lectnre  dellvereit  hetore  tbe  Royal  Dublin  Society,  March  9, 1898.  Those  inter- 
ested in  the  snbject  of  this  lectnts  will  floil  it  fully  diHCQised  by  Profeaaor  Nebring 
In  bia  work  Ueber  Tnadren  ond  Steppen.  See  aUo,  for  further  information  and 
far  ToferenoeB  to  other  anthoritiea,  Tbe  Qreat  Ice  Age,  Chapter  XXXVIII.  Reprintud 
from  Tbe  Scottish  Geographical  Magazine,  Vol.  XIV,  Nob.  6  and  7,  Jno«  «nd  Jaly, 
1898.  pp.  281-357. 
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Tbe  arctic  landa  of  Bnrasia  and  ITorth  America  show  two  well- 
marked  zones — a  zone  of  treeless  wastes  bordering  the  Polar  Sea,  and 
a  uouiferoua  forest  zone  lyiog  immediately  to  the  soatli.  The  treeleas 
waHtea  are  knowu  as  tundras  io  Europe  and  Asia,  aod  as  baireo 
grounds  in  North  America.  These  form  plains  of  immense  extent,  but 
of  very  unequal  width  from  north  to  sontb.  In  Eurasia  they  lie  fur  the 
most  part  north  of  the  Arctic  Circle,  while  in  North  America  they 
range  upon  the  whole  considerably  farther  south,  reaching  the  sixtieth 
parallel  on  the  western  shores  of  Hudson  Bay.  Their  southern 
boundary,  however,  is  in  both  Old  and  New  Worlds  exceedingly  irreg- 
ular. Where  the  flat  lands  are  exposed  to  the  full  sweepof  the  north- 
ern blasts,  tundra  conditions  advance  far  to  the  south,  invading  the 
forest  zone  in  narrower  or  broader  stretches.  Indeed,  even  within  the 
region  of  arctic  forests  isolated  patches  and  wider  areas  of  tundra  are 
encountered.  In  other  places  more  sheltered  from  the  fierce  winds 
coming  from  the  polar  seas,  the  arctic  forests  in  their  turn  encroach 
upon  the  tundras,  so  as  nearly  to  reach  the  shores  of  the  frozen  ocean. 
Such  is  the  case  in  the  valleys  of  the  Yenesei,  the  Khatanga,  the 
Olenek,  the  Lemi,  and  other  North  Siberian  rivers.  Similarly  in  North 
America  the  arctic  forests  straggle  down  the  valleys  of  the  Mackenzie 
and  other  rivers  to  beyond  the  Arctic  Circle. 

Mosses  and  lichens  form  the  prevailing  vegetation  of  the  tnndrait — 
marshes  and  bogs  extending  over  vast  areas  in  spring  and  summer, 
while  the  less  marshy  tracts  are  carpeted  with  gray  lichens.  Here  and 
there,  too,  in  sheltered  spots,  dwarf  birch  and  willow  scrub  sprinkle 
the  surface  or  flourish  in  denser  masses,  and  ever  and  anon  more  or  less 
wide  stretches  of  meadow  put  in  an  appearance.  Now  and  again  the 
interminable  plains  give  place  to  rolling  ground,  the  low  hills  and 
knolls  being  not  infrequently  clothed  with  dwarf  trees.  No  hard 
and  fast  line,  indeed,  can  be  drawn  between  the  tuitdras  and  the  arctic 
forests.  The  two  regions  not  only  interosculate,  but  numerous  oases  of 
trees  are  enconntered  in  the  tundras  along  their  southern  margin, 
while  equally  numerous  patches  of  tundra,  as  already  mentioned,  are 
met  with  farther  south  within  the  arctic  zone.  It  may  be  added  that 
in  northern  Siberia  bare  rocky  hilts  and  moontains — highly  fissured, 
and  showing  many  gullies,  ravines,  and  debris-strewn  valleys — now 
and  again  treak  the  uniformity  of  a  tundra  landscape. 

A  word  or  two  now  as  to  the  characteristic  animals  of  the  tundran 
and  barren  grounds.  First  among  these  come  the  arctic  lemmings. 
They  feed  on  grass  roots  and  stalks,  mosses,  reindeer  linchens,  and  thi^ 
shoots  of  the  dwarf  birch,  for  which  in  winter  they  tunnel  through  the 
turf  or  under  the  snow.  The  banded  lemming  is  an  especially  charac- 
teristic form,  since  it  is  confined  to  the  maritime  tracts  of  Eurasia  and 
the  adjacent  islands,  and  the  corresponding  areas  of  North  America, 
and  is  never  met  with  in  the  forest  zone.  The  Obi  lemming  bas  a 
similar  distribution,  but  ranges  somewhat  farther  south,  and  not  quite 
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HO  I'lir  nortli,  nn  tlio  banded  letnmiug,  Tbe  arctic  fox  is  oDotber  charac- 
teristic member  of  the  tundra  faana,  baviiig  a  high  northern  rauge. 
It  occasionally  wanders  south  to  the  Hixtidth  parallel,  bat  that  is  only 
in  treeless  regions,  for  it  everywhere  avoids  the  forest,  seeming  to 
prefer  the  bare^it  and  most  sterile  lands.  Another  common  denizen  of 
the  tundras  is  the  arctic  or  moantain  bare.  This  is  tbe  same  species 
so  commonly  met  with  above  the  limits  of  the  forests  in  the  mountains 
of  temperate  Europe.  A  closely  allied  form  (i>olar  hare)  frequents  tbe 
barrens  of  North  America.  The  reindeer  must  also  be  included  in  tbe 
tnndra  fauna,  although  in  winter  it  ranges  far  into  the  forest  zniie. 
The  muskox,  formerly  a  native  of  Enrasia,  is  now  confined  to  S'orth 
America.  Like  the  arctic  fox  it  avoids  the  forests,  ranging  north  of 
these  from  tbe  the  sixtieth  parallel  up  to  tbe  highest  latitudes. 

Such  are  tbe  moat  characteristic  mammals  of  the  tundras.  There 
arc  many  other  animals,  however,  which  frequent  the  same  regions, 
more  especially  in  summer.  Among  these  may  be  meotioued  glutton, 
voles,  ermine,  weasel,  wolf,  common  fox,  and  brown  bear.  The  sammer 
visitors  al»o  include  a  vast  host  of  birds,  especially  water  birds. 

The  climate  of  all  these  northern  plains  is  extreme— the  winter  tem- 
jierature  falling  upon  an  average  to  27°  below  zero,  while  in  summer 
the  average  temperature  is  about  50^^  F.  The  actual  range  in  certain 
regions  in  of  course  considerably  greater.  Theaeconditions necessarily 
give  rise  to  annual  migrations.  Only  a  few  mammals,  as  we  have  seen, 
brave  the  long  winter  of  the  tundras,  where  river  and  lake  are  often 
frozen  solid,  and  tbe  whole  land  is  sheeted  in  snow.  During  tbe  great 
frosts  the  air  is  remarkably  still,  but  as  winter  draws  to  a  close  storms 
of  wind  and  snow  become  frequent.  Wide  regions  are  then  often  swept 
bare,  and  the  snow  is  blown  into  every  abrupt  hollow  and  depression  in 
tbe  plains,  and  intotbegulliesandravincsof  the  hills,  where  it  becomes 
so  beaten  as  often  to  bear  the  weight  of  a  man.  Not  only  snow,  but 
sand  and  dust,  are  thus  swept  forward.  The  sand  and  dust  are  no 
doubt  largely  obtained  ftvm  tbe  great  river  valleys  and  deltas,  but  no 
inconsiderable  proportion  is  derived  also  from  the  bare  rocky  hills  and 
mountains,  which  in  many  places  diversify  the  surface  of  tbe  circum- 
polar  plains.  Frost  is  a  great  pulverizer  of  rocks,  not  only  splitting 
them  into  fragments,  but  disintegrating  their  surfaces  into  grit,  sand, 
and  dust.  It  is  remarkable  bow  in  the  highest  northern  regions  the 
surface  of  tbe  snow  often  becomes  discolored  with  fine  sand  and  dust 
derived  in  this  way  from  exposed  rock  surfeces. 

We  need  not  enter  into  further  details  as  to  the  physical  conditions 
of  the  tundras.  It  will  be  sufficient  to  sum  up  here  the  points  which 
are  most  deserving  of  our  attention.    Briefly  they  are  these: 

1.  Tbe  climatic  conditions  of  tbe  tundras  are  extreme,  and  necessi- 
tate annnal  migrations. 

2,  The  flora  is  represented  chiefly  by  mosses  and  lichens.  Here  and. 
there,  however,  tracts  of  grassy  meadow  occur,  while  inlets  and  oases 
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of  dwarf  trees  and  Bcmb,  chiefly  birch,  willow,  juniper,  and  conifers, 
not  tnfreqaeutly  appear  along  the  soatbern  margin  of  the  tundras. 

3.  The  most  characteristic  animal  forms  are  lemmings,  arctic  fox, 
arctic  hare,  musk  ox,  and  reindeer.  Uf  common  occurrence  also  are 
various  voles,  ermine,  and  weasel.  Tbeir  range,  however,  is  hardly  so 
far  north,  and  they  go  much  farther  south.  So  again  the  wolf,  the 
ubiquitous  common  fox,  and  the  brown  bear,  are  frequent  visitants 
rather  than  common  denizens  of  the  tundras. 

4.  In  summer  many  of  the  animals  just  named  push  farther  north, 
while  swarms  of  birds  (especially  water  birds)  visit  every  part  of  the 
treeless  zone. 

5.  Lastly,  iu  wiuter,  storms  of  suow  and  dust  are  common. 

We  may  now  take  a  similar  brief  glance  at  the  steppe  lands  of  Europe 
and  Asia.  The  regions  included  nuder  this  head  show  considerable 
variety.  Some  steppes  are  mere  desert  wastes  while  others  are  fertile 
tracts  capable  of  high  cultivation.  Many  are  low  plains,  others  are 
elevated  plateaus,  the  former  having  a  subarctic,  the  latter  a  subtrop- 
ical climatej  and  between  low  and  high  steppes  many  gradations  are 
met  with.  All  are  more  or  less  characterized  by  an  extreme  range 
of  temperature.  The  steppes  with  which  we  are  at  present  concerned, 
however,  are  the  generally  low  grassy  plains  which  Professor  Nehring 
designates  the  subarctic  steppes.  These  occupy  wide  areas  in  soutb- 
CHSb  Rnaaia  and  southwest  Siberia,  extending  between  the  middle  course 
of  the  Volga  and  that  of  the  Irtysch.  It  is  quite  a  mistake  to  suppose 
that  these  steppes  are  throughout  all  their  extent  treeless  plains.  In 
many  places  chains  and  irregular  groups  of  hills  diversify  the  surfnce, 
while  here  and  there  trees  of  various  kinds,  sncb  as  pines,  larches, 
birches,  oaks,  limes,  alders,  willows,  wild  apples,  and  others,  are  more 
or  less  plentiful.  Maoy  of  the  woods  are  mere  oases,  extending  along 
the  hanks  of  rivers  and  streams,  or  clustering  around  the  margins  of 
freshwater  lakes.  In  southeast  Russia  the  boundary  between  the 
8tep|>es  and  the  forest  lands  is  very  irregular — the  two  regions  con- 
siatitly  interosculate. 

The  chmate  of  tbe.se  subarctic  steppes  is  quite  continental,  the  sum- 
mer being  relatively  warm  and  the  winter  relatively  cold.  The  average 
temiterature  in  Janoary  hardly  exceeds  3^  F.  while  that  of  July  is  at 
leitst  70°.  Again,  the  rainfall  is  very  uncertain.  In  some  years  it  is 
excessive,  in  others  meager,  while  occasionally  it  altogether  fails.  With 
the  approach  of  spring  vegetation  rapidly  develops,  becoming  rank 
and  luxuriant,  but  with  the  heat  of  summer  it  quickly  fades  and  withers 
away.  Severe  front,  and  frequently  heavy  snowstorms,  characterize 
the  winter.  In  such  areas  as  are  more  or  less  wooded  the  climate  is 
somewhat  less  continental,  the  summers  being  relatively  less  dry  and 
the  winters  not  so  cold.  Buteveu  iu  those  wooded  regions  the  seasons 
are  strongly  contrasted.  In  general,  we  may  say  the  steppe  lands  in 
summerarepnictic^lly  ratuletit*.    The  ground  is  thus  parched  and  burnt 
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up,  BO  that  sand  aiid  dast  rise  witb  every  wind,  and  as  ttie  opeo  plains 
are  often  swept  by  suinoiur  biirans,  vast  qaaatities  of  loose  materials 
are  transported  from  place  to  place,  and  here  and  there  accumnlate 
in  hollows  and  depressions,  or  come  to  rest  in  the  tee  of  sheltering  rocks 
and  hills.  In  winter,  if  little  snow  has  fallen,  the  nnprotected  gronnd 
is  similarly  scoured  by  the  tempests,  dast,  sand,  and  even  small  stone 
being  carried  forward.  Thus  both  in  summer  and  winter  sand  and 
dnst  storms  play  an  im)>ortaut  r6le,  and  loose  materials  are  piled  np  to 
great  depths  in  valleys,  and  iu  the  ravines,  flssares,  and  crevices  of  the 
roiiky  hills. 

As  it  rule  these  heaps  and  sheets  of  drifted  sand  and  dnst  show  little 
or  no  arrangement,  although  now  and  again  some  trace  of  bedding  may 
ajipear.  Should  they  chance  to  become  well  covered  with  snow  in 
winter,  then,  when  warmth  returns  and  the  snow  gradually  melts  away, 
plants  (luickly  spring  up,  and  the  heaps  become  fixed  and  cease  to  drift 
It  is  obvious  that  not  iofreqaently  land  shells,  and  often  enongh  the 
remains  of  mammals,  must  be  entombed  in  such  wind-blown  materials. 

In  winter,  however,  it  is  snow  more  commonly  than  dnst  that  drifts 
before  the  wind.  The  great  snowstorms  of  the  subarctic  steppes  are 
quite  as  terrible  as  those  of  the  tundras.  No  life  can  withstand  the 
fury  of  the  bliz/^ards,  and  many  are  the  disasters  on  record.  Thus  in 
1827  all  the  flocks  and  herds  that  wandered  over  the  steppes  between 
the  Volga  and  the  Urals  perished  in  one  great  storm.  According  to  the 
(iovernment  report  the  loss  sustained  by  the  Kirghiz  amounted  to 
1U,0U0  camels,  280,iHK>  horses,  30,480  cattle,  and  1,012,1H>0  sheep.  Not 
many  years  pass  without  some  disaster  of  this  kind,  and  when  the  snow 
has  melted  away,  hundreds  of  cattle,  often  &r  strayed,  may  be  found 
huddled  together  in  one  place — some  suffocated,  frozen,  or  starved  to 
death,  others  drowned  in  the  creeks  and  ravines  in  which  they  had 
vainly  sought  for  refuge  from  the  blast.  Now  we  cau  readily  conceive 
how  the  carcasses  might  eventually  be  buried  under  drifted  sand  and 
dust,  and  the  bony  skeletons  thus  become  preserved  for  an  indefinite 
period. 

Among  the  most  characteristic  animals  of  the  subarctic  steppes  are 
jerboas,  pouched  marmots,  bobac,  pika  or  tailless  hare,  small  hamster 
rat,  varions  voles,  corsac,  caragan  fox,  mauul  cat,  saiga,  dzeggetai, 
wild  horse,  etc.  Besides  these,  many  other  animals  are  met  with  in  the 
steppes,  but  are  hardly  so  characteristic,  since  they  range  into  adjacent 
regions,  to  which  they  more  properly  belong.  Among  them  may  bo 
mentioned  lynx,  wild-cats,  tiger,  wolf,  jackal,  common  fox,  martens, 
ermine,  weasel,  otter,  gintton,  ba<iger,  brown  bear,  squirrels,  beaver, 
common  bare,  mountain  hare,  wild  boar,  elk,  reindeer,  roedeer,  stag, 
etc.  Several  hundred  species  of  birds  frequent  the  steppes,  among 
which  may  be  mentioned  great  and  little  bustai'ds,  larks,  gronse,  buz- 
zards, eagles,  owls,  etc. 

We  may  now  sum  up,  iu  a  few  words,  those  features  and  characters 
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of  tfae  subarctic  nteppes  wtiich  are  of  mnnt  importaoce  f^om  our  ))re5ent 
point  of  view. 

1.  Steppes,  like  tundras,  are  not  exclnsively  plains.  They  iuclade 
rockf  nplanda  aud  bilU,  aud  are  traversed  in  maiiy  places  by  streams 
and  rivers. 

2.  Vast  expanses  are  clothed  with  grasses,  while  others  are  more  or 
less  sterile  and  bare.    Oases  of  forests  are  not  infreqaently  preseht. 

3.  The  most  chiu^cteristic  animals  are  jerboas,  pouched  marmots, 
bobacs,  and  others — the  mammalian  fauna  being  more  vtuied  than  that 
of  the  tundras. 

4.  Many  animals  properly  belonging  to  forest  lands  and  to  mountains 
frequent  the  steppes. 

5.  Tfae  seasons  are  strongly  contrasted,  and  the  whole  region  is 
exposed  to  dust  storms  in  sammei-,  and  to  snowstorms  in  wint«r. 

With  these  facte  relating  to  existing  tundras  and  xteppes  kept  in 
view,  let  ub  now  examine  the  evidence  adduced  by  geologists  to  show 
that  tundra  and  steppe  conditions  have  successively  prevailed  in  Middle 
Europe. 

One  of  tlie  most  remariiable  superficial  deposits  of  central  and  west- 
central  Europe  is  that  which  is  known  nnder  the  general  term  of  loss. 
Tyiiically  it  is  a  fine-grained,  yellowish,  calcareous,  sandy  loam — t;on- 
sisting  very  largely  of  minute  grains  of  quartz,  with  some  admixture  of 
argillaceous  and  calcareous  matter.  Upon  tbewhole  the  quartz  grains 
are  well  rounded,  although  often  enough  they  are  sharply  angular. 
Frequently  the  accumulation  shows  a  porous  structure,  and  is  iiene- 
tratetl  by  long,  approximately  vertical  root-iike  tubes  or  canals,  lined 
witb  calcjvreoQS  matter,  which  cause  the  dei>osit  to  cleave  or  divide  in 
vertical  planes.  Hence  it  nsually  forms  more  or  less  upright  bluffs 
upon  the  margins  of  streams  or  rivers  which  intersect  it.  It  is  nsually 
unstratifled,  except  now  and  again  toward  the  bottom  of  the  deposit, 
where  intercalates)  layers,  and  even  sometimes  thick  beds  of  sand,  make 
their  appeaninve.  The  liiss  is  essentiallya  deposit  of  the  low  grounds, 
and  is  well  developed  in  the  broad  river  valleys  of  western  and  central 
Kni'ope,  as  iu  those  of  the  Seine,  the  Garonne,  the  Bhone,  the  Maas, 
the  Moselle,  the  Rhine  and  its  tributaries,  the  Danube  and  many  of  its 
afHnents,  such  as  the  Drave,  the  Save,  the  Morava,  and  the  Theiss.  It 
also  extends  as  a  narrow  belt  along  the  southern  margin  of  the  great 
plains  of  North  Germany.  It  is  in  southern  and  southeastern  Russia, 
however,  where  it  attains  its  widest  development,  covering  as  it  does 
an  immense  tract,  stretching  west  and  east  between  the  valleys  of  the 
Pruth  and  the  Volga.  Throughout  this  vast  region  it  is  usually  very 
dark  in  color,  forming  what  is  known  as  the  black  earth. 

Without  at  present  going  into  the  question  as  to  the  origin  of  the 
materials  of  which  the  Kiss  is  composed,  it  is  obvious  enough  that  they 
have  in  some  places  been  arranged  by  water.  Tbns  here  and  there, 
especially  at  or  toward  the  bottom  of  the  accumalatiou,  distinct  traces 
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of  beddiDg  may  be  seen,  aod  the  beds  have  yielded  fresli-water  shells. 
ThU,  however,  is  exceptional.  Loss  is,  for  the  most  part,  a  sobaerisl 
accumulation — a  wind-blown  deposit.  This  is  shown  not  only  by  the 
rounded  character  of  its  minute  constituents  and  by  the  general  absence 
of  bedde<l  arrangement,  but  by  tfae  abundant  preseDce  of  snail  shells 
and  the  fi'eqnent  occurrence  of  relics  of  laud  animals.  Its  organic 
leuHins  are  essentially  terrestrial.  Moreover,  its  particular  distribu- 
tion— the  mode  in  which  it  occurs— jKiints  clearly  to  the  action  of  prev- 
aleut  winds.  Thus,  although  it  ia  widely  developed  over  iow-lyiug 
regious,  it  nevertheless  sweeps  up  to  heights  of  20(1  to  300  feet  and 
more  above  the  bottom  of  the  great  river  valleys.  Not  only  so,  but 
ever  and  anon  it  extends  across  the  hills  and  plateaus  between  adjacent 
valleys,  wrapping  the  wbole  land,  in  short,  like  a  mantle.  Again,  in 
many  places,  we  flud  it  heaped  up  in  the  lee  of  hUls,  the  exposed  wind- 
ward slopes  of  which  bear  do  trace  of  it,  while  in  oertaiu  valleys  it 
shows  a  similar  partial  distribution. 

Among  tfae  organic  remains  yielded  by  the  Ifiss  are  some  that  indi- 
cate arctic  conditions,  while  others  are  strongly  saggestive  of  a  steppe 
climate,  and  yet  otberu  tell  us  of  forest  lands.  It  is  impossible  that  all 
tbe  creatures  referred  to  could  have  lived  side  by  aide  in  the  same 
region,  and  auunal  migratioun  will  not  wholly  explain  tbeir  appearance 
in  tbe  same  deposit.  The  evidence  leads  to  the  conclusion  tbat  tbe 
itccuniulation  of  tbe  Idss  must  represent  a  long  period  of  time  during 
which  climatic  changes  took  place.  Fortunately  now  and  again  the 
lossic  accumulations  exhibit  a  succesHinu  of  faunal  zones— diSerent 
suites  of  organic  remains  occurring  at  different  levels.  And  a  similar 
and  corresponding  succession  has  been  discovered  in  many  of  the  caves 
of  middle  Euro^M). 

A  tundra  fauna  is  the  earliest  of  which  we  have  any  record  iu  the 
Itiss  and  in  the  particular  caves  referred  to,  and  it  is  worth  while  to 
glance  for  a  moment  at  the  former  wide  distribution  of  tbat  faana  in 
Europe.  It  will  be  remembered  that  two  of  the  most  characteristic 
tundra  forms  are  tbe  banded  and  tbe  Obi  lemmings.  Now,  remajns  of 
l>oth  these  species  have  been  met  with  again  and  again  over  all  central 
Europe — in  Russia,  Poland,  Austria- Hungary,  north  and  south  Ger- 
many, north  Switzerland,  France,  Belgium,  and  England.  Sometimes 
they  occur  in  single  specimens,  at  other  times  tiiey  are  extremely 
numerons,  the  remains  of  several  huudrcds  having  been  obtained  at 
various  localities.  In  many  places  .both  species  of  lemming  are  found 
together;  elsewhere  either  one  or  other  occurs  alone.  The  banded 
lemming,  as  a  rule,  has  left  its  remains  most  abundantly  in  hilly  and 
upland  tracts,  while  those  of  tbe  Obi  lemming  are  met  with  more  ire- 
quently  in  low-lying  areas — a  distribution  quite  in  keeping  with  tbat 
which  obtains  at  present  in  the  tundras.  Tbat  these  arctic  animals 
were  not  mere  passing  or  occasional  visitors  is  shown  by  the  fact  tbat 
young  and  full-grown  individuals  occur  together  iu  hundreds  at  various 
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piticett  and  are  associated  wjtb  the  remaius  of  otber  character i«ttir 
arctic  animals  which  breed  iu  the  same  regious.  Thus  well-preserved 
skeletons  of  arctic  fox,  haviu^  their  milk  teeth,  have  been  foond  lyip^ 
side  by  side  with  the  bonea  of  the  lemmings.  As  the  arctic  fox  breetis 
ill  Jnoe,  it  is  obvioas  that  those  young  individuals  mast  have  died  in 
summer. 

Our  kuowledge  of  the  former  distribntion  of  the  arctic  lemmings  is 
no  doobt  uot  so  full  as  it  will  yet  be,  bat  already  we  have  ascertaioed 
that  these  creatures  ranged  as  far  south  as  ceDtrnl  France  and  the 
base  of  the  Alps,  in  Switzerland,  and  as  far  west  as  Somerset,  in  Eng- 
land. iJesides  the  arctic  fox,  many  othi-r  northern  forms  were  con- 
geners of  the  lemmings  in  middle  and  western  Europe,  such  as  monn- 
<ain  hare,  mnskos,  reindeer,  glutton,  voles  of  various  kinds,  ermine, 
weasel,  wolf,  common  fox,  and  the  now  extinct  mammoth  and  wooUy 
rhinoceros.  A  number  of  northern  birds  have  also  been  recorded  from 
I  he  same  deposits  as  those  which  have  yielded  relics  of  the  tundra 
animals,  I  need  mention  only  ptarmigans,  buntings,  snow  owls,  ducks, 
geese,  and  swans,  all  of  which  are  in  harmony  with  the  arctic  cbarac- 
ter  of  the  mammals,  since  the  same  forms  are  in  our  day  constant  sam- 
mer  visitants  in  the  circumpolar  treeless  lands. 

We  may  iiot«,  further,  that  just  as  there  is  this  evidence  to  the  former 
TtecupatioD  of  middle  and  western  Europe  by  an  arctic  fauna,  so  wc 
have  abundant  traces  in  the  same  regions  of  a  well-marked  arctic  flora, 
nigh  northern  species  of  mosses,  the  polar  willow,  the  dwarf  birch,  and 
various  other  northern  plants  have  been  met  with  in  superficial  deposits 
over  a  very  wide  area,  extending  from  sonthem  Sweden  and  Englan<l 
across  middle  Europe  to  the  foot  of  the  Alps. 

We  can  not  doubt,  therefore,  that  true  tundra  conditions  have  for- 
merly prevailed  at  relatively  low  latitudes  in  Europe.  The  widespread 
distribution  of  tbe  arctic  animals  and  plants  jnst  mentioned  points 
clearly  to  that  and  to  no  other  conclusion.  We  may  therefore  reasonably 
infer  that  the  climate  of  middle  Europe  must  then  have  approximated 
in  character  to  that  of  northern  Siberia,  the  seasons  being  doubtless 
strongly  contrasted,  and  thus  compelling  annual  migrations.  With  tbe 
advent  of  summer  the  home  of  the  arctic  lemmings  was  invaded  by 
troops  of  visitants — by  mammoth,  woolly  rhinoceros,  wild  horse,  saiga, 
and  many  others,  and  by  numerous  birds.  An  arctic-alpine  vegetation 
clothed  the  low  grounds,  which  in  the  warm  season  doubtless  showed 
wide  stretches  of  bog  and  marsh  and  many  shallow  lakes.  Here  and 
there  flourished  patches  and  wider  tracts  of  birch  and  willow  scrub, 
but  tbe  land  was  practically  treeless.  Man,  we  know,  was  an  occupnnt 
of  middle  Europe  at  this  time.  Perhaps,  like  the  mammoth  and  the 
woolly  rhiooceroa,  be  may  have  been  rather  a  summer  visitor  than  a 
constant  denizen,  dei>arting  for  more  clement  regions  at  the  approach 
of  winter.  We  shall  probably  uot  err  in  supposing  that  the  winter 
would  have  much  resemblance  to  that  now  experienced  in  northern 
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Siberia — long  Hpells  of  still  weather,  with  intense  froat,  interrupted  now 
anil  again  (especially  at  the  changes  of  the  seasons)  by  fierce  snow- 
storms, in  which  the  wild  animals  could  hardly  fail  occasionally  to 
perish  in  large  numbers. 

How  long  these  tnndrn  conditions  obtained  we  can  not  tell.  All  we 
know  is  that  eventually  they  gradually  passed  away  and  the  climate 
bcH^ame  less  arctic.  This  is  shown  by  the  well-ascertwned  fact  that 
Ixith  in  the  liiss  and  the  contemporaneous  cave  accumulations  remains 
of  the  arctic  animals  are  conlltied  to  the  lowest  beds,  becoming  grad- 
ually less  onmerous  as  we  trace  them  upward,  until  they  finally  disap- 
pear. But  before  the  last  of  the  tundra  forms  has  vanished  remains 
of  a  steppe  fauna  begin  to  occur.  In  a  word,  there  was  no  sodden  dying 
out  of  one  fauna  and  precipitate  appearance  of  another,  but  a  gradual 
replacement,  consequent,  doubtless,  upon  changing  climatic  conditions. 

All  the  animals  already  mentioned  as  most  characteristic  of  the 
subarctic  steppes  are  represented  in  the  caves  and  alluvial  deposits 
of  west  and  middle  Europe.  Jerboas,  poached  marmots,  bobacs,  and 
true  marmots,  tailless  hares  and  others,  all  formerly  nourished  in  those 
latitudes.  Besides  these  most  characteristic  stepiw  .tnimals  occurred 
many  other  forms  which  were  not  restricted  to  steppe  lands,  such  as 
mammoth  and  woolly  rhinoceros,  marsh  lynx,  cave  lion,  hyena,  wolf, 
common  fox,  ermine,  weasel,  badger,  reindeer,  urns,  bison,  etc.  Many 
birds  also  were  present— all  of  them  species  which  in  our  own  day 
frequent  the  steppes  of  southeast  Russia.  Land  shells  are  also  very 
often  found  in  less  or  greater  abundance  along  with  the  relics  of  the 
steppe  animals  just  mentioned,  most  of  the  shells  representing  forms 
that  now  live  in  dry  steppes,  while  some  are  denizens  of  wooded 
regions. 

The  plant  remains  associated  with  relics  of  the  steppe  fanna  are  quite 
in  keeping  with  the  latter,  but  are  upon  the  whole  seldom  met  with, 
the  conditions  not  being  favorable  to  their  preservation.  Trunks  and 
branches  of  trees  occur  very  rarely,  the  most  common  remains  being  a 
few  thin  layers  and  seams  of  peaty  matter,  apparently  consisting  chiefly 
of  grasses.  Nevertheless,  we  need  have  no  doubt  that  a  steppe  flora 
formerly  flourished  in  middle  Europe,  for  (as  Engler,  Ascherson,  Petry, 
and  other  botanists  have  shown)  many  well-known  steppe  plants  survive 
in  the  existing  flora  of  that  region. 

Among  the  animals  associated  with  the  true  steppe  forms  were  some 
which,  as  we  have  seen,  hwl  already  invaded  central  Europe  in  tundra 
times.  Of  these,  perhaps  the  most  notable  are  the  mammoth  and  the 
woolly  rhinoceros.  Probably  they  were  only  summer  visitors,  but  in 
the  subsequent  steppe  epoch  they  became  truly  indigenous  and  very 
abundant.  The  broad  valleys  aud  open  spaces  of  central  Europe  were 
at  that  time  treeless  plains,  although  woods  seem  to  have  existed  here 
and  there,  especially  along  the  margins  of  lakes  and  streams.  The 
climate,  we  need  not  doubt,  was  mnch  like  that  of  the  subarctic  steppes 
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of  Boatheast  Bossia  aiid  soathwest  Siberia,  regions  which,  like  the 
tondras,  are  mach  exposed  to  wind  action.  The  general  character  and 
distribotion  of  the  loss  prove  its  ffiolian  origin,  and  its  organic  contents 
areqoiteiii  keeping.  We  maybe  8iire,thea,thatdiyBtepp6conditioDB 
formerly  prevailed  tbroaghoat  central  Europe,  and  that  iu  those  regions 
dust  storms  and  sDowstonns  mast  have  been  of  common  occarreuce. 
We  have  seen  bow,  in  existing  tondras  andsteppes,  thesemidomesticated 
and  wild  animals  of  those  regions  are  now  and  again  overwhelmed  iu 
storms  and  smothered  in  snow.  Now,  similar  catastrophes  must  have 
hap|>eue<l  again  and  again  in  the  tundras  and  steppes  of  prehistoric 
times.  And  we  are  not  left  in  this  matter  to  mere  coujectare,  for  the 
carcasses  of  some  of  tbe  more  notable  animals  of  those  days,  now  ex- 
tinct, have  been  preserved  to  the  present  in  the  frozen  snows — ttie 
famous  ice  formations  of  northern  Siberia.  So  perfectly  preserved, 
indeed,  was  tbe  mammoth  discovered  by  Mr.  Adams  that  its  Hesh  was 
devonred  by  wolves  and  bears,  and  from  the  appearances  presented 
by  it  and  others  we  can  not  doubt  that  tbe  animals  bad  perished  in 
snowdrifts.  Brandt  records,  for  example,  that  the  congested  veins  and 
capillary  vessels  in  the  head  of  a  rhinoceros  examined  by  him  were 
charged  with  coagulated  blood,  as  if  tbe  animal  had  died  of  suffocation; 
and  Schrenck  says  of  another  described  by  him,  that  the  distended 
nostrils  and  gaping  mouth  were  highly  suggestive  of  a  similar  death. 
It  is  probable  that  these  animals  were  summer  visitors  to  the  tundras, 
overtaken  by  autumnal  snowstorms.  If  perfectly  preserved  carcasses 
are  rare,  such  is  not  the  case  with  skeletal  remaius.  Iu  many  places 
throughout  Siberia  the  bones  of  various  mammals  occur  in  enormous 
quantities,  huddled  together,  as  it  were,  iu  very  limited  spots.  It 
seems  imivossible  to  account  for  such  hecatombs  on  any  other  sopposi- 
tion  than  that  they  are  the  silent  records  of  great  blizzards  and  snow- 
torms.  Even  in  oar  own  time  lienis  of  wild  reindeer,  with  their 
young,  are  overcome  by  snowstorms  in  the  tundras,  while  iu  North 
America  great  flocks  of  sbeeji  and  cattle  frequently  perish  in  the  same 
way.  Professor  Garmau,  who  draws  attention  to  the  disastrous  results 
of  blizzards  in  the  great  prairie  lands  of  that  region,  is  of  opinion  that 
the  extraordinary  heaps  of  skulls  and  other  remains  of  the  bison  that 
are  met  witli  here  and  there  in  northern  Colorado  and  Wyoming,  are 
the  remains  of  herds  which  have  been  suffocated  in  snowdrifts. 

It  is  not  necessary  to  suppose  that  all  the  relics  and  remains  of  the 
mammoth  and  its  congeners  in  Siberia  are  evidence  of  the  destructive 
effect  of  blizzards.  The  animals  doubtless  met  their  death  under  many 
different  circumstances.  Sometimes  they  would  appear  to  have  been 
bogged  in  swampy  holes  and  morasses.  I  have  referred  to  tbe  pecaliar 
ice  formations  of  tbe  arctic  coast  lands.  These  are  sheets  of  ice  of 
unknown  thickness,  preserved  under  more  or  less  thick  accumulations 
of  earthy  and  loamy  materials.  The  ice  is  believed  to  represent  the 
blown  or  drifted  snows  of  prehistoric  times,  which  here  and  there  have 
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been  protected  from  complete  disaolation  by  iwil  iiod  subsoil  flowing 
over  and  accumulating  upon  them,  nnder  the  iuflueace  of  thaw,  in 
spring  and  summer.  Such  moremeuCs  of  superficial  materials  are  in- 
deed of  eominoii  occurrence  in  higb  latitudes  at  the  present  day.  The 
surface  of  the  buried  ice  strata  is  very  uneven,  being  furrowed  and 
trenched  by  deep  ruts  and  hollows.  These  depressions  are  filled  up 
with  frozen  mud,  etc.,  containing  vegetable  debris  and  abundant  mam- 
malian remains,  including  those  of  mammoth  and  woolly  rhinoceros. 
Probably  a  large  number  of  the  bones  may  simply  have  been  introduced 
into  the  hollows  by  the  flowing  soil  in  spring — they  may  have  been 
lying  originally  scattered  over  the  surface.  In  other  cases,  however, 
the  animals  themselves  seem  to  bave  fallen  or  sunk  into  the  depres- 
sions. All  the  evidence  leads  to  the  inference  that  iu  the  warm  season 
these  high  northern  regions  were  visited  abundantly  by  mammoths, 
rhinoceroses,  horses,  bisons,  wapiti,  and  others.  Such  being  the  case, 
it  is  not  bard  to  nndersbmd  how  the  bulkier  animals  might  now  and 
again  become  trapped  in  the  treucberous  bogs  and  subjacent  muds  that 
covered  and  concealed  the  ice  formations  and  their  deep  clefts  and 
depressions. 

When  we  turn  to  the  loss  of  Europe,  we  meet  with  copious  evidence 
to  show  that  the  wild  animals  of  our  prehistoric  steppes  and  tundras 
were  often  done  to  death  in  their  hundreds  and  thousands.  Again  and 
again  great  heaps  and  accumulations  of  their  skulls  and  skeletal 
remains  have  been  encountered  iu  our  Itissic  accnmulations — appear- 
ances exactly  recalling  the  similar  bone  fiuds  of  Siberia  and  North 
America.  The  deposits  in  which  the  European  bone  finds  occur  are  of 
wind-blown  origin,  and  we  seem  justified,  therefore,  in  concluding  that 
the  animals  perished  in  snowstorms.  In  these  low  liitttudes,  however, 
we  uould  not  expect  to  meet  with  ice  formations  like  those  of  the 
tuudras.  But  that  drifted  snows  did  formerly  aceumulato  iu  middle 
Europe,  and  were  preserved  for  long  periwis  under  coverings  of  sand 
and  other  materials,  we  have  good  reasons  for  believing.  Indeed,  even 
at  the  present  day  the  driAied  snows  in  southeast  Russia  are  occasionally 
bnried  under  sand  and  so  i>ersisC  for  years.  In  one  case  recorded  by 
Borszcow,  what  appeared  to  be  an  ordinary  sandhill  proved  to  be  a 
mass  of  congealed  snow  cloaked  in  sand  about  a  foot  in  thickness. 
Immediately  under  the  suri'ace  the  snow  was  granular  and  u(:ve-like, 
but  a  little  deejwr  it  was  firm  and  solid  like  ice.  This  was  in  one  of  the 
tributary  valleys  of  the  Ilek,  in  the  steppes  south  of  Orenburg,  about 
the  fiftieth  parallel — a  relatively  dry  region.  If  in  a  low-lying  region 
so  far  south  snow  can  be  preserved  in  this  way,  we  may  readily  believe 
that  in  the  steppe  epoch  of  middle  Europe  snowdrifts  similarly  protected 
might  now  and  again  have  persisted  for  years.  But  it  was  during  the 
preceding  tundra  e|>och  that  this  wonld  be  most  commonly  the  case. 
And  much  interesting  evidence  is  forthcoming  to  show  that  iu  many 
places  thick  sheets  of  congealed  snow  did  aconmolate  and  become  buried 
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and  preserved  at  that  time.  Many  of  tbe  so-called  "rabble  drifts"  of 
middle  Europe — sheets  of  rocky  rubbiab  which  have  traveled  dowo 
gentle  hill  slopes  aud  spread  themselves  over  the  acljacent  low  grounds — 
point  to  the  former  presence  of  great  snow  drifts,  in  and  npon  which 
the  rock  debris  traveled.  These  were  not  glaciers,  hat  simply  sheets 
of  n6v6-like  snow,  charged  with  and  covered  by  earthy  and  rocky  debris, 
which  kept  moving  ontward,  more  especially  in  spring  and  summer 
when  the  heaps  were  more  or  less  rapidly  melting.  The  occarrence  in 
this  debris  of  bones  of  the  reindeer  and  other  mammals  shows  that  tbe 
deposits  belong  to  prehistoric  times.  Again,  certain  phenomena  con- 
nected with  the  river  gravels  of  the  same  period  lead  to  the  conviction 
that  the  drainage  was  often  interfered  with  by  snowdrifts  in  tundra 
times.  The  river  valleys  wonld  seem  to  have  become  filled  in  places 
with  alternate  sheets  of  congealed  snow  or  ice  and  layers  of  gravel  and 
shingle.  Long  afterwards,  when  the  interbedded  strata  of  ice  melted 
slowly  away,  tbe  associated  river  detritus  quietly  settled  down,  and 
owing  to  the  difTereotial  movement  of  tbe  subsiding  materials  tbe 
longer  stones  naturally  arranged  themselves  in  lines  of  least  resistance, 
so  that  now  we  find  them  most  osually  standing  on  end  in  the  gravel 
beds. 

Tbiis,  a^iart  from  the  evidence  supplied  by  tbe  bone  accumnlations  of 
the  loss,  we  have  good  reason  to  believe  that  snowdrifts  were  of  common 
occurrence  in  middle  Europe  in  prehistoric  times.  Doubtless  most  of 
the  snow  which  covered  the  plains  of  onr  continent  in  winter  melted  and 
disappeared  is  summer.  Just  as  is  the  case  in  the  tundras  and  stcp^ies of 
oar  own  day.  Tlie  carcasses  of  animals  that  may  have  perished  tu 
blizzards  wonld  thus  most  frequently  t>eeome  uncovered  in  spring,  to  be 
devonred  by  hyenas,  wolves,  and  bears,  and  the  disarticulated  skeletons 
■night  often  be  bleached  and  weatherworn  before  they  were  finally 
buried  in  loss.  Nor  was  it  only  in  plains  and  open  valleys  that  sudden 
death  may  have  overtaken  large  numbers  of  animals  at  a  time.  In 
tundras  and  steppes  alike  the  wild  and  semiwild  denizens  of  the  plains 
seek  refuge  from  the  drifting  snow  in  the  fissures,  caves,  gullies,  and 
ravines  of  the  bills  and  monntaius,  where  they  are  sometimes  itozen  to 
death  or  smothered  in  snow.  Uerbi  vorons  aud  carnivorous  animals  tbns 
often  perish  together,  for  In  the  presenceof  a  common  danger,  whether 
it  be  i)rairie  or  forest  fire,  or  fiood  or  blizzard — natural  antipathies  and 
animosities  are  forgotten,  and  all  alike  straggle  to  escape. 

Man,  as  I  have  already  mentioned,  lived  in  middle  Europe  iu  tundra 
times,and  we  have  abundant  evidence  of  his  presence  there  tbroagboat 
the  succeeding  steppe  epoch.  Again  and  again  his  relics  and  remains 
have  been  met  with  at  all  levels  in  tbe  loss  throughout  central  Europe. 
Thus  in  the  valleys  of  the  Danube  and  some  of  its  tributaries  they  have 
been  discovered  in  undisturbed  loss  at  depths  of  from  20  to  nearly  100 
feet  from  the  surface.  Not  a  few  of  these  finds  evidently  represent  old 
prehistoric  camping  stations — marked  by  tbe  presence  of  qnantities  of 


THE  TUNDRAS  AND  STEPPES  OF  PREHISTORIC  EUROPE.      333 

obarcoal  and  asbes,  bnmt  and  oatciDed  bones,  together  vith  worked 
flints,  bones,  and  ivory.  Among  tbe  animal  remains  are  those  of  mam - 
niotb,  woolly  rhinoceros,  mask  ox,  reindeer,  elk,  horse,  lion,  glutton, 
bear,  wolf,  arctic  fox,  common  fox,  and  hyena.  N'or  is  it  only  in  the 
liias  that  we  have  baman  relics  associated  with  the  tandra  and  steppe 
fannas.  Similar  finds  have  been  recorded  ttom  many  caves  and  rock 
sbeltera,  of  which  we  may  take  tbe  rock  shelter  of  the  Schweizersbild, 
near  ScbaOhaosen,  as  a  good  example.  The  deposits  at  that  ))lace  show 
a  clear  ancoession,  and  tell  a  highly  ioteresting  tale.  The  following  is 
tbe  sequence,  the  beds  being  nnmbered  from  below  upward : 

6.  Hnmnsbed. 

5.  Gray  relic  bed. 

4.  Breccia  bed,  with  upper  rodent  bed. 

3.  Yellow  relic  bed. 

2.  Lemming  bed. 

1.  Gravel  bed. 
With  tbe  lowest  bed  (No.l)weDeed  not  at  presentcoocem  ourselves, 
beyond  remarking  tbat  itis  obviously  of  flu  viatile  origin.  All  the  over- 
lying beds  are  clearly  of  sabaerial  formation — the  flooded  torrential 
water,  which  laid  down  the  gravel  bed  (No.  1),  hadlefb  the  rock  shelter 
high  and  dry  before  the  succeeding  lemming  bed  began  to  a<^cnmulate. 
Thia  latter  is  a  yellowish  earih,  charged  with  fragments  of  limestone 
detached  by  tbe  weather  from  the  overhanging  rock.  Scattered 
through  this  earth  are  abundant  remains  of  arctic  lemming,  arctic  fox, 
mountain  bare,  reindeer,  glutton,  and  a  number  of  other  forms  which 
»re  constant  summer  visitors  to  tbe  tundras.  The  banded  lemming  is 
the  most  plentifully  represented  species,  and  next  to  it  in  abondunce 
comes  the  alpine  bare.  In  close  association  with  this  tundra  fauna 
occur  flint  implements,  and  awls,  chisels,  harpoons,  and  needles  of  bone 
and  horn.  Only  one  old  hearth,  with  its  ashes,  was  encountered,  and 
from  the  fact  that  no  calcined  bones  were  met  with,  while  the  number  of 
worked  bones  and  antlers  was  relatively  small,  it  may  be  inferred  that 
man  was  not  a  persistent  occupant  of  tlie  rock  shelter  during  tbe  »Iow 
accumulation  of  the  lemming  bed.  Tbe  same  conclnsion  is  suggested  by 
tbe  occurrence,  e'tpecially  in  the  upper  part  of  tbe  bed,  of  abundant 
traces  of  various  biitls  of  prey,  which  appear  to  have  been  able  to  nest 
undisturbed  on  the  rock  and  in  its  crevices. 

It  can  not  be  doubted,  therefore,  that  dnring  the  formation  of  the 
lemming  lied  au  arctic  climate  reigned  in  north  Switzerland.  Toward 
the  npi>er  part  of  that  bed,  however,  we  find  evidence  to  show  that 
tandra  conditions  were  gradually  passing  away.  This  is  indicated  by 
the  fact  that  some  of  the  tundra  animals,  so  common  in  the  lower  part 
of  the  stratum,  become  scarcer,  and  at  last  cease  to  appear,  while  at 
the  same  time  a  few  representatives  of  tbe  sabaretic  steppe  fauna 
enter  npoii  the  scene. 
The  next  succeeding  stratum  (yellow  relic  bed)  proved  to  be  rich  in 
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haman  relics.  It  yielded  some  14,000  ilint  implements,  and  a  large 
TiQmber  of  worked  bones  and  autlers,  comprising  needles,  bodkins  and 
awls,  chisels,  harpoons,  whistles,  and  other  objects.  Bits  of  wood 
worked  and  chaired,  and  fragments  of  worked  and  anworked  lignite 
were  also  obtained.  Besides  these,  drawings  and  patterns  were  found 
on  reindeer  antlers,  on  bones,  and  on  tablets  of  limestone,  while  many 
shells,  fossils,  and  teeth  of  the  arctic  fox  and  the  glutton  were  met  with, 
bored  and  pierced,  as  if  they  had  been  nsed  for  necklaces  and  other 
personal  ornaments.  The  presence  throughout  this  relic  bed  of  noclei 
or  cores  fifom  which  tiints  had  been  struck,  of  abundant  chips  andtiplin- 
ters,  of  old  henrths,  ashes,  and  burnt  bones,  shows  that  the  reindeer 
hunters  were  for  a  long  time  constant  occupants  of  the  rock  shelter. 

Torniiig  to  the  abundant  animal  remains,  we  find  that  these  represent 
nu  fewer  than  40  species,  viz,  30  mammals,  15  birds,  3  ampLibians,  and 
1  fish.  Alt  the  most  characteristic  tnndra  forms — tbe  banded  lemming 
and  its  peculiar  associates — are  now  absent,  and  in  their  place  we  find 
a  trae  steppe  fauna.  Amongst  the  new  arrivals  are  red  suslik,  pika, 
and  true  hamster,  and  associated  with  these  arc  such  constant  visitors 
of  tbe  steppes  as  niaoul  cat,  wild  horse,  dzeggetai,  and  various  birds. 
Certain  forms  whicti  appear  in  the  lemming  bed  are  still  represented,  as 
arctic  fox,  glutton,  and  others — all  of  which,  however,  in  our  own  day 
ranp:e  south  of  the  true  tnndras.  Their  presence  therefore  is  not  out 
of  keeping  with  the  characteristic  steppe  forms.  It  is  clear  therefore 
that  in  north  Switzerland  a  tundra  fauna  was  eventually  succeeded  by 
a  steppe  foniia. 

Toward  tbe  top  of  the  yellow  relic  bed  once  more  new  arrivals  begin 
to  put  in  an  appearance,  and  their  presence  seems  to  show  that  the 
climate  was  again  gradually  changing,  for  they  include  red  deer,  roe 
deer,  wild  boar,  squirrel,  pine  marten,  and  beaver,  all  of  which  belong 
to  a  forest  fauna. 

The  next  stratum  in  succession  is  the  breccia  bed.  This  consists  of 
small  fragments  of  limestone,  either  lying  loosely  together  or  cemented 
by  calcaieous  matter.  Uelics  of  man  were  not  so  common  in  this  bed, 
although  occasional  splintered  bones  and  ilint  implements  occurred  all 
through  it,  and  in  places  were  even  abundant.  About  midway  betveen 
the  top  and  bottom  of  the  breccia  occnrred  a  layer  of  dark-earth,  in 
which  human  relics  and  the  remains  of  various  rodents  were  conspicnoas. 
It  would  seem  that  during  tbe  accnmulation  of  the  breccia  bed  small 
groups  of  reindeer  hunters  only  now  and  again  visited  the  rock  shelter; 
it  was  evidently  not  so  continually  occupied  as  it  had  been.  The  animal 
remains  met  with  in  the  stratum  undoubtedly  tell  a  tale  of  changing 
climatic  conditions.  Amongst  tbe  species  represented  are  reindeer, 
pika,  bare,  squirrel-tailed  dormoase,  garden  dormouse,  squirrel,  water 
rat,  various  voles,  shrews,  mole,  ermine,  marten,  and  others.  This  is 
obviously  a  mixed  fauna — a  few  of  the  steppe  animals  being  still  present, 
but  the  larger  numtier  of  the  species  are  forest  forms.    The  fauna  of 
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the  breccia  bed,  iD  a  word,  marks  the  transition  from  steppe  to  forest 
conditions.  Obvioosly  the  climate  wok  gradually  improTing,  the  forests 
contmniog  to  increase  at  the  expense  of  the  earlier  steppe  flora. 

In  the  gray  relic  bed  that  sacceeds  we  lose  all  trace  of  the  character- 
istic steppe  faana.  The  most  abundant  remains  aro  those  of  red  deer, 
roe  deer,  horse,  and  ox,  and  with  these  are  associated  relics  of  a  naniber 
of  other  forms,  snch  as  badger,  wild-cat,  hare,  urns,  goat,  and  sheep. 
The  steppe  fouoa  had  now  obviously  become  replaced  by  a  forest  faana. 
Paleolithic  man — the  reindeer  hunter  of  the  tundras  and  steppes — had 
also  vanished,  and  his  Neolithic  successor  now  occupied  the  rock  shelter 
i>f  the  Schweizersbild.  The  gray  relic  bed  and  the  overlying  humns 
bed  tell  a  most  interesting  tale,  bnt  into  that  I  can  not  go.  It  is  suffi- 
cient to  note  that  tbe  old  reindeer  hunters  seem  to  have  departed  before 
forest  conditions  bad  been  fully  established.  We  may  surmise  that  as 
the  climate  became  warmer  the  reindeer  gradually  withdrew  from  the 
Alpine  Vorlaud.  Probably  it  bad  already  become  somewhat  scarce 
during  the  accumulatioa  of  the  breccia  bed,  iu  which,  as  will  be  remem- 
bered, traces  and  remains  of  it  and  its  hunters  become  less  and  less 
common.  One  can  hardly  donbt  that  tbe  emigration  of  the  reindeer 
aud  the  final  exodus  of  Paleolithic  man  tram  north  Switzerland  were 
contemporaneous  events,  brought  about  by  changing  climatic  condi- 
tions. We  can  picture  to  ourselves  the  old  race  of  hunters,  with  tbe 
contemporaneous  steppe  fauna,  gradually  passing  east  and  northeast, 
while  the  forests  continued  to  encroach  upon  and  overspread  the  fertile 
lands  of  central  Europe.  It  is  possible  that  Neolithic  man  may  here 
and  there  have  come  into  contact  with  his  Paleolithic  predecessor,  but 
of  this  we  have  no  evidence.  All  we  certainly  know  is  that  the  latter 
vanished  fh>m  central  Europe  with  the  steppe  fauna,  and  that  when 
Neolithic  man  made  his  earliest  appearance  a  forest  fauna  was  in  pos- 
session of  the  land. 

II.' 

In  my  preceding  lectore  evidence  was  adduced  to  show  that  tundras 
and  steppes,  with  their  characteristic  faunas,  formerly  existed  in  cen- 
tral and  west  central  Europe.  We  saw  that  for  a  long  time  tbe 
climatic  conditions  of  these  regions  must  have  resembled  those  that 
now  obtain  in  northern  Siberia  and  the  barren  grounds  of  North 
America,  where  mosses  and  lichens  form  the  prevailing  growths,  and 
arctic  lemmings,  hares,  and  foxes,  the  reindeer,  and  the  mask  ox  are 
the  common  indigenous  animals.  All  these  characteristic  species 
formerly  lived  in  middle  Earo|>e.  Eventually  our  tundra  flora  and 
fauna  gradually  disappeared  and  were  as  gradually  replaced  by  steppe 
forms  of  life.  Jerboas,  ]>ouched  marmots,  pika,  and  many  others — 
such  an  assemblage  as  we  now  see  in  the  subarctic  steppes  of  southeast 
Bussia  and  southwest  Siberia — flourished  throughout  the  regions  over 

>A  lectaro  delivered  before  tbe  Koyal  Uablin  Dooiet;,  Hnrob  11,  1898. 
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which  the  lemmings  and  their  arctic  congeners  had  formerly  prevailed. 
Tbronghout  both  tnndra  and  steppe  epochs  Palteolithic  man  was  an 
occupant  of  middle  Eui-ope.  To  the  steppe  epoch  succeeded  a  forest 
e|H>cli,  with  its  characteristic  fauna,  by  which  time  Palieolitfaic  man 
had  vanished,  bis  place  being  taken  by  the  so-called  Neolithic  race,  or 
races,  for  there  were  several  of  these. 

We  must  now  ask  what  relation  the  tandra  and  steppes  deposits 
bear  to  otiier  well-known  superficial  accumulations  of  Europe.  To 
wliat  particnlar  stage  of  the  geological  history  of  our  continent  do 
they  beiongf  When  we  remember  that  an  arctic-alpiDe  flora  formerly 
flourished  on  the  low  grounds  of  central  Europe,  it  seems  estremely 
probable  that  the  tundra  epoch  must  fall  within  the  glacial  period. 
But  the  glacial  period  embraced  a  complex  series  of  geographical  and 
climatic  changes,  and  it  is  necessary,  therefore,  to  come  somewhat  closer 
to  the  question.  Among  the  most  conspicuous  deposits  of  the  Ice  age 
are  moraiues  of  all  kinds  and  fluvio  glacial  gravels,  while  the  loss,  as 
we  have  seen,  is  the  moat  prominent  accumulation  of  the  tuudra  and 
stepi>e  epochs.  How,  then,  does  the  latter  behave  with  regard  to  the 
typical  glacial  and  flnvio  glacial  formationsT  Is  it  older  or  younger 
than  these,  or  are  the  two  sets  of  accninalations  conteraporaueousl 
The  answer  we  get  to  that  qaestion  is,  at  the  first  blush,  disconcerting, 
larn  that  it  is  each  In  turn — sometimes  underlying,  sometimes 
overlying,  and  in  other  places  occurring  intercalated  among  glacial 
de|>osits.  This  only  means,  however,  that  loss  appears  to  have  been 
formed  during  different  stages  of  the  Ice  age.  It  will  lie  remembered 
that  while  we  discussed  the  wind-blown  character  of  the  loss,  we  left 
untouched  the  question  of  the  origin  of  its  materials.  Whence  were 
those  materials  derived  which  the  wind  worked  over,  and  largely 
rearranged,  and  redistributed  in  the  low  grounds  of  central  EuropeT 
To  answer  this  question  we  must  esamine  more  closely  the  relation 
borne  by  the  loss  to  the  duvio-glacial  deposits  and  moTainic  accunmla- 
tionH.  We  note,  in  the  first  place,  that  in  its  horizoutAl  distribution  it 
follows  closely  that  of  the  valley  gravels  of  glacial  times.  Where  the 
latter  are  well  developed,  the  liiss  appears  in  full  force;  where  they  are 
wanting  there  is  a  like  absence  of  liiss.     In  all  the  valleys  lea<ling  down 
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Wliile  all  iiortliern  aud  uortliwestern  Europe  were  covered  by  au  ice 
sheet,  the  inouiibtins  of  middle  Europe  and  the  alpiue  laiidrt  supported 
great  glaviers,  wliich  in  maoy  cases  deployed  upon  the  low  grounds. 
Vast  bodies  of  water  must  then  have  escaped  ftoin  the  terminal  front 
of  the  northern  mer  de  glace,  while  the  streams  and  rivers  flowiug  from 
oar  mountain  tracts  must  hnve  greatly  exceeded  their  present  succes- 
sors. With  each  recurriug  spring  and  summer  wide  areas  in  the  low 
grounds  would  thus  be  subject  to  Hoods  and  inundations.  Coming 
from  regions  where  glacial  grinding  was  being  carried  on  ui>on  a  most 
extensive  scale,  it  goes  without  saying  that  all  these  waters  would  be 
clouded  with  the  fine  Hoar  of  rocks.  The  enormous  moraioic  accuma- 
latioDH  formed  anderqeath  and  in  front  of  the  alpine  glaciers,  aud  over 
the  vast  areas  traversed  by  the  Scandinavian  mer  de  glace,  bear  em- 
phatic testimony  to  the  intensity  of  glacial-  erosion.  In  lilie  manner 
the  great  terraces  of  gravel  that  stretch  down  tlie  valleys  in  front  of 
the  alpine  moraines  and  the  broad  sheets  of  similar  deposits  which 
estend  outward  item  the  glaciated  tracts  of  northern  Europe,  are 
equally  impressive  witnesses  to  the  vigor  of  the  Hooded  glacial  rivers. 
It  is  certain,  however,  that  gravel,  grit,  aud  saud  would  not  be  the 
only  materials  carried  forward  by  those  rivers.  As  they  reached  the 
low-lyiug  tracts  their  rate  of  tlow  would  gradually  diminish,  aud  finer- 
grained  materials — fine  silt  and  loam — would  eventually  be  deposited. 
When  we  consider  the  great  volumes  of  water  desceudiug  to  the  low 
grounds,  we  cau  not,  indeeil,  escape  trom  the  couclnsiou  that  many 
wide  areas  in  the  plains  during  a  glacial  e[M>ch  must  have  been  inun- 
dated, aud  in  those  slack  waters  and  temporary  lakes  the  finer-grained 
flnvio-glacial  sediments  would  tend  to  accumulate.  We  must  also  bear 
in  view  the  probability — I  had  almost  said  the  certainty — of  great 
derangements  of  the  drainage  having  taken  place  in  middle  Europe. 
In  winter,  when  the  rivers  of  that  region  were  frost  bound,  auow  must 
frequently  have  drifted  to  great  depths  in  the  valleys,  and  the  spring 
and  summer  thaws  would  often  fail  to  remove  these  lieaps.  In  this 
way  the  valleys  might  here  aud  there  become  entirely  filled  with  the 
blown  and  congealed  sitows  of  successive  years,  so  as  to  compel  the 
rivers  iu  summer  to  rise  in  fiood  and  to  reach  levels  which  they  might 
otherwise  have  been  unable  to  attain,  ^^'e  have  positive  proof,  indeed, 
that  such  accumulations  of  drift  snow  actually  did  appear  in  extra- 
glacial  regions,  for  some  of  them  have  persisted  to  the  present  day. 
The  ice  formations  of  the  arctic  coast  lauds,  with  their  associated  mam- 
malian remains,  certainly  belong  to  the  glacial  period.  They  are 
simply  the  drifted  snows,  now  converted  into  granular  and  massive 
ice,  which  accumulated  in  valleys  and  depression's  outside  of  the  gla- 
ciated regions.  Protected  nnder  a  covering  of  superficial  detritus, 
alluvial  matter,  and  peat,  they  have  in  those  high  latitudes  persisted 
to  the  present  day.  Farther  south,  in  c«utral  and  western  Europe, 
similar  masses  of  congealed  snow,  as  we  have  seen,  appear  to  have 
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accuiiiulutett,  aiiU  may  well  Inive  euduriMl  for  somi!  time  after  glacinl 
conditions  bad  i>assed  away.  lu  these  temperate  latitudes,  however, 
they  were  bound  ere  long  to  melt  and  allow  the  overlying  allnvial 
deposits  to  settle  down  in  the  manner  already  described. 

There  are  tbns  various  lines  of  evidence  which  lead  to  the  condasioa 
that  during  a  glacial  epoch  the  lower  reaches  of  all  the  great  valleys 
oi>ening  out  irom  glaciated  regions,  as  well  as  large  tracts  of  the  wide 
plains  extending  in  front  of  the  northern  mer  de  glace,  woald  be  more 
or  less  drowned  in  temporary  lakes  of  turbid  wat«r,  over  the  beds  of 
which  a  fine  sediuieut  of  somewhat  nniform  character  must  have  been 
deposited.  And  such  is  generally  believed  to  be  the  origin  of  the 
materials  of  the  loss.  The  liiss,  as  we  now  have  it,  is  a  fluvio>glacial. 
silt  or  loam,  very  largely  reassort«d  and  rearranged  by  the  wind.  Its 
history,  therefore,  is  involved  with  that  of  the  Ice  age,  and  we  must 
consequently  turn  our  alteuUou  to  the  unquestioned  deposits  of  that 
period,  with  a  view  to  discover,  if  we  can,  at  what  particular  stage  of 
it  the  glacial  silts  were  worked  over  by  the  wind,  and  tandra  and 
steppe  faunas  successively  occupied  the  low  grounds  of  middle  Europe. 

Let  us  first,  then,  trace  as  briefly  as  may  be  the  history  of  the  glacial 
and  iuterglacial  deposits.  Avoiding  detail,  we  shall  confine  attention 
to  the  more  salient  features  of  the  evidence  and  try  to  picture  the  suc- 
cession of  events  from  the  beginning  to  the  close  of  glacial  times. 

The  facts  upon  which  geologists  base  tbeir  conctosioD  that  a  vast 
ice  sheet  formerly  covered  much  of  northern  and  northwestern  Europe, 
while  great  snow  fields  and  glaciers  existed  not  only  in  the  Alps,  hut 
in  many  of  the  minor  mountain  ranges  of  central  and  even  of  soutlteru 
Europe,  may  be  very  briefly  summed  up. 

First,  we  have  the  evidence  supplied  by  morainic  accumulations  of 
all  kinds — bottom  moraines  or  bowlder  clays  and  terminal  moraines. 
Second,  we  have  the  proofs  of  former  glaciation  afforded  by  striated 
rocks  and  roches  moutonn^es  and  by  the  cmshed,  broken,  tumbled, 
and  confused  rock  surl^ices  that  occnr  so  fl'equently  underneath  the 
bottom  or  ground  moraines.  Third,  we  have  the  presence  of  certain 
remarkable  ridges  of  gravel  and  sand  which  appear  to  have  been 
formed  in  tunnels  under  the  ice,  and  of  enormous  sheets  of  similar 
materials  which  have  been  spread  out  by  the  waters  ¥>scaping  from  the 
terminal  iVont  of  the  inland  ice  of  northern  Europe,  while  in  all  the 
great  valleys  leading  down  from  the  Alps  and  other  glaciated  moan- 
tains  we  sec  broad  terraces  of  alluvial  detritus  which  have  been 
deposited  by  torrential  streams  and  rivers.  All  those  flavio-glacial 
dei>osits,  when  followed  from  the  tow  grounds  into  the  regions  occnpied 
by  moraines,  are  found  to  dovetail  with  the  latter  and  are  coDsequentI~ 
of  contemporaneous  origin. 

By  mapping  rock  striie  and  noting  the  general  trend  of  the  erratics 
which  constitute  sn  large  a  portion  of  the  ground  moraines  we  acquire 
a  knowledge  of  the  directions  followed  by  the  ialaud  lee  and  the  great 
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glacieru.  Not  only  so,  but  by  tracing  the  Uorizoutal  and  vertic;al  dis- 
tribution of  glacial  pbeuotuena  we  have  been  able  to  show  what  regions 
were  whoUy  ice  covered,  to  measure  tUe  thickDess  attained  by  ice 
sheets  and  glaciers,  and  to  estimate  the  angle  of  their  sarface  sloi>e. 
It  is,  in  short,  qnite  possible  now  to  draw  maps  of  Europe  which  shall 
give  a  fairly  accarate  presentment  of  the  aspect  presented  by  our  con- 
tinent in  glacial  times.  On  maps  of  a  sufficiently  large  scale  we  can 
delineate  not  only  the  great  inland  ice  of  the  north  and  northwest,  but 
the  snow  fields  and  numerous  glaciers  of  the  Alps  and  other  mouu- 
tainons  tracts,  together  with  the  areas  covered  by  fluvio-glacial 
de]>06its. 

So  much  for  .what  we  may  call  the  physical  evidence.  But  this  is 
not  all,  for  associated  with  the  true  glacial  accumulations  occur  io 
many  places  beds  charged  with  the  remains  of  arctic-alpine  plants  and 
animals.  The  evidence  of  fossil-organic  remains,  therefore,  fully  sup- 
ports the  conclusions  arrived  at  from  a  study  of  purely  glacial 
phenomena.  We  know  that  arctic  forms  of  life  lived  in  oar  seas  at 
the  time  of  which  I  am  speaking,  and  that  the  countries  outside  of 
the  glaciated  areas  were  then  clothed  and  peopled  by  an  arctic-alpine 
flora  and  fauna. 

But,  as  if  in  contradiction  of  this  evidence,  certain  other  deposits 
charged  with  the  remains  of  temperate  and  southern  species  of  plants 
and  animals  appear  intercalated  among  the  true  glacial  accumulations. 
The  study  of  these  and  of  their  relation  to  subjacent  and  overlying 
morainic  and  fluvio-glacial  accumulations  has  led  to  the  conclusion 
that  the  Glacial  period  was  not  one  continuous  period  of  arctic  condi- 
tions, but  a  cycle  or  succession  of  alternating  cold  and  genial  epochs. 

So  far  as  we  at  present  know,  glacial  conditions  first  supervened  in 
late  Tertiary  times — in  the  so-called  Pliocene  period.  In  the  earlier 
part  of  that  period  the  European  climate  had  been  singularly  genial. 
Warm  seas,  tenanted  by  many  southern  species  of  mollnsks,  washed 
the  shores  of  the  British  area,  while  the  land  was  clothed  with  a  much 
more  varied  and  abundant  flora  than  we  now  possess.  Great  forests 
seem  to  have  covered  vast  areas,  occupying  not  only  the  plains  and 
the  river  valleys,  but  extending  far  up  the  mountain  slo|>es  of  such 
rpgions  as  France  without  much  change  of  character.  The  same 
species,  indeed,  appear  to  have  flourished  equally  well  in  Cantal  and 
central  Italy,  Some  of  these  had  come  down  from  early  Tertiary 
times  and  were  destined  soon  to  become  extinct;  some,  again,  were 
special  fonns  belonging  to  genera  which  in  our  day  are  esotic;  others 
were  S]>ecie8  which  have  sarvived  to  the  present  in  more  southern  and 
eastern  regions,  while  yet  others  are  still  represented  in  Euroi>e  by 
identical  or  very  closely  allied  species.  Thus  the  flora  of  the  Pliocene 
was  connected  both  with  the  past  and  the  present  plant  life  of  Europe, 
while  at  the  same  time  it  ha<l  relations  with  the  floras  of  distant 
soothero    and    eastern   regions — with   Florida,   the   Canary  Islands, 
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CUiiia,  iiud  Jti)»aH.  All  the  evidence  tbns  implies  for  early  I'lioi-viie 
times  aa  equable  und  nniform  climate,  which  ]ierinitted  the  intimate 
association  in  oar  coDtiiient  of  many  plants  which  are  now  no  longtir 
able  to  exist  at  similar  elevations  or  ia  one  and  the  same  latitude. 

The  mammalian  lifeof  Earope  in  early  Pliocene  times  was  in  keeping 
with  the  flora.  The  deinotherinui  and  mastodon  stilt  survived,  and 
along  with  these  were  rhinoceroses,  hippopotanmsea,  and  elephants, 
ami  many  cervine  and  bovine  animals.  Carnivores  of  extinct  and  still 
existing  types  and  many  monkeys  were  also  present. 

Such,  then,  was  the  character  of  the  climate,  aud  the  aspect  of  the 
flora  and  fauna  of  Europe  in  preglacial  times.  The  gradual  approach 
of  glacial  conditions  is  evidenced  by  the  fact  that  the  percentage  of 
northern  and  arctic  shells  in  the  upper  Pliocene  marine  deposits 
increases  Irom  the  lower  to  the  higher  members  of  the  series.  We  note 
a  gradual  dying  out  of  southern  species  and  a  gradnal  coming  in  of 
northern  forms,  until  at  last  the  beds  are  charged  with  the  remains  of 
a  truly  arctic  marine  fauna.  We  have  no  direct  evidence  as  to  the 
terrestrial  conditions  which  obtained  in  Britain  and  Ireland  at  that 
time.  The  climate,  however,  could  not  have  been  genial  and  temperate 
as  it  is  now.  The  presence  of  an  arctic  fauna  in  our  seas  shows  that 
our  shores  were  washed  by  currents  coming  from  the  north,  and  not  as 
at  present  From  the  southwest.  Reasoning  from  the  analogy  of  to-day, 
therefore,  we  might  infer  that  the  climate  of  our  area  was  probably  not 
unlike  that  of  Labrador. 

The  traces  of  the  first  glacial  epoch  are  more  clearly  read  in  the 
deposits  of  the  continent.  An  immense  glacier  at  this  time,  fed  from 
the  uplands  of  Scandinavia,  filled  the  basin  of  the  Baltic.  The  bottom 
moraine  of  that  great  ice  flow  is  seen  in  the  low  grounds  of  Scania,  in 
southern  Sweden,  while  its  tluvio-glacial  deposits  have  been  detected 
at  many  places  in  north  <>ermany.  The  alpine  lands  were  contem- 
poraneously covered  with  extensive  snow  fields,  and  large  glaciers 
descended  the  deep  mountain  valleys,  to  deploy  upon  the  Yorlauder,  in 
Switzerland,  and  south  (lermany.  The  terminal  moraines  of  these 
glaciers  have  been  ma[>i>ed  out,  and  the  general  conditions  of  the  epoch 
have  been  so  well  ascertained  that  the  position  of  the  snow  line  at  the 
time  has  been  determined.  It  is  believed  te  have  been  upon  an 
average  some  4,UU0  feet  lower  than  now.  While  the  valleys  of  the  Alps 
were  thus  gorged  with  ice  and  the  basin  of  the  Baltic  was  occupied  by 
an  immense  mer  de  glace,  it  is  not  probable  that  the  higher  parte  of 
our  islands  ccmhl  have  exi'aped  glaciation.  We  can  hardly  doubt  that 
snow  fields  and  gimiiera  mast  also  have  existed  here.  No  trace  of 
these,  however,  hiiM  hwn  or  is  ever  likely  to  be  detected.  Direct 
evidence  of  the  kind,  if  it  ever  did  obtain,  has  been  obscured  or 
destroyed  by  the  iictlnn  of  the  much  greater  glaciers  and  ice  flows  of 
later  ejMichK. 

lu  trar  'Hiding  events  in  the  geological  history  of  Europe, 
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I  shall  (confine  attention  in  the  first  place  t'>  the  alpine  lands,  for  it  ie 
in  tlie  low  grounds  at  Mie  base  of  those  mountains  that  the  relation  of 
the  loss  to  the  glacial  and  fluvio- glacial  deposits  can  he  moat  clearly 
made  oat. 

It  has  now  been  ascertained  that  glaciers  have  on  three  successive 
occasions  filled  the  great  mountain  valleys  of  the  Alps  and  descended 
to  the  low  grounds.  The  earliest  advance  I  have  already  described — 
this  constitates  the  first  glacial  ei>ocb  of  Swiss  geologists.  It  was 
followed  by  a  long  spell  of  genial  conditions  when  the  great  glaciers 
melted  away,  and  retired  to  the  inner  recesses  of  the  mountains.  Many 
relics  of  the  flora  of  this  genial  eiKtch  have  been  preserved.  Thus  in 
the  valley  of  the  Inn,  near  lunsbrmrk,  certain  deposits  have  yielded 
an  assemblage  of  plants  similar  to  that  whicli  we  now  meet  with  in 
the  valleys  of  the  mountain  regions  soath  of  the  Black  Sea — most  of  the 
plants  being  existing  species.  The  mean  annual  temperature  of  the 
regions  in  which  that  flora  now  flourishes  is  57*^  to  65'='  F.,  while  that 
of  iDnsbrnck  at  present  is  only  i7°.  But  in  the  genial  epoch  of  which 
I  apeak,  the  flora  in  question  flonrished  ou  the  mountain  slopes  over- 
looking Innsbruck  at  elevations  of  3,6(>0  to  3,900  feet,  where  tbe  mean 
annual  tem|)erature  in  onr  dny  does  not  exceed  40'^.  This  is  enough 
to  show  us  that  tbe  climatic  conditions  of  the  alpine  valleys  mnat 
formerly  have  been  considerably  more  genial  than  at  present.  From 
this  and  similar  evidence  in  other  alpine  valleys  we  may  safely  infer 
that  the  retreat  of  the  glaciers  was  the  result  of  a  great  change  of 
climate,  and  that  during  the  first  interglacial  epoch  the  snow  fields 
and  glaciers  must  have  retired  to  the  highest  ridges  of  the  mountains. 

The  plant  beds  just  referred  to  are  not  only  underlaid,  but  overlaid 
by  bottom  or  ground  moraines,  tbe  overlying  moraines  belonging  to 
the  second  glacial  epoch.  It  was  during  this  e|ioi;b  that  the  glaciers  of 
the  Alps  attained  their  greatest  development — the  snow  line  becoming 
depressed  to  1,70()  feet  below  its  present  level.  The  glaciers  now 
pushed  their  way  into  the  low  grounds  considerably  beyond  the  limits 
reached  by  their  predecessors  in  the  flrst  glacial  epoch.  That  the  sec- 
ond, like  the  flrst  glacial  epoch,  was  of  long  duration  is  shown  by  the 
amount  of  erosion  effected  by  the  ice  flows  and  the  enonnous  extent  of 
their  bottom  and  terminal  moraines. 

Overlying  the  ground  moraines  of  that  epoch  we  again  come  apon 
allnvial  deposits  in  many  places,  which  are  crowded  with  the  remains 
of  a  temperate  flora — a  flora  resembling  that  of  the  low  grounds  of 
Switzerland  nnd  north  Italy  in  our  own  days.  It  is  obvious,  therefore, 
that  when  such  a  flora  flourished  in  the  great  valleys  of  the  Alps  the 
climate  conld  not  have  been  less  genial  than  the  present;  the  snow 
line  must  have  again  retreated  to  a  higher  level,  and  the  n^v^sand 
glaciers  were  probably  not  more  extensive  than  they  are  now.  This 
constitutes  tbe  second  interglacial  ei>och  of  Swiss  geologists.  Ere  long 
it  was  followed  by  a  third  general  advance  of  the  glaciers,  which  once 
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more  readied  t)ie  low  {^roaadti  at  the  base  of  the  Alps,  bat  did  not 
flo7  so  far  as  their  predecessors  of  the  preceding  or  seooad  glacial 
epoch.  The  snow  line  of  this  third  glacial  epoch  stood  at  an  average 
level  of  aboat  4,400  feet  below  the  present. 

Each  glacial  epoch  was  necessarily  marked  by  profoniid  glacial 
erosion,  and  the  conseqaent  formation  of  massive  sheets  of  groand 
moraine  in  the  lower  reaches  of  the  great  valleys,  and  of  hage  tenniDftl 
moraines  st  or  opposite  their  months.  Enormous  quantities  of  shingle 
and  gravel  were  at  the  same  time  swept  outward  by  the  rivers  eseap- 
ing  from  the  ice — each  series  of  terminal  moraines  being  thna  closely 
associated  with  its  separate  and  distinct  set  of  fluviatile  deposits.  No 
difSctUty  is  foun&  iu  separating  those  successive  accumulations  of 
gravel.  They  form  terraces  lying  one  within  the  other  at  three  suc- 
cessive levels.  The  highest  rises  upon  an  average  250  to  300  feet  above 
the  present  rivers;  the  surface  of  the  middle  terrace  is  about  100  feet 
below  the  surface  of  the  highest,  and  aboat  the  same  distance  above 
the  level  of  the  lowest  terrace.  I--ach  terrace  rests  upon  solid  rock, 
and  it  is  obvious,  therefore,  that  the  several  epochs  of  gravel  accumu- 
lation have  been  separated  by  epochs  of  active  river  erosion.  This 
remarkable  valley- within -valley  formation  is  clearly  the  result  of 
climatic  changes.  The  highest  terrace  indicates  the  action  of  flooded 
rivers  escaping  from  the  glaciers  of  the  first  glacial  epoch.  These 
glaciers  then  disappeared  or  shrank  into  comparative  insignificance, 
and  an  iuterglacial  epoch  of  active  valley  erosion  succeeded — the 
rivers  cutting  their  way  down  for  a  hundred  feet  or  more  into  the  solid 
rocks.  Next  came  the  second  glacial  epoch,  and  the  lowered  valley 
bottom  was  again  deeply  covered  with  gravel.  The  glaciers  of  this 
stage  then  in  their  turn  retired,  and  a  second  interglacial  epoch  super- 
vened, wlieii  the  rivers  as  before  deepened  their  channels,  working 
down  tlirough  the  older  gravels  and  excavating  the  noderlying  rocks. 
Thereafter  the  third  glacial  epoch  ensued,  and  a  new  series  of  gravels 
was  deimsited  at  a  lower  level  than  the  preceding  accumulation. 
Lastly,  this  third  glacial  epoch  passed  away  and  the  rivers  again 
trenched  the  fluvio-glacial  gravels,  the  upper  surface  of  which  is  now 
much  above  the  reach  of  the  greatest  tloods. 

What  relation,  then,  does  the  loss  bear  to  the  glacial  and  inter- 
glacial accumntatioiis  of  the  alpine  landsl  Fortunately  to  this  ques- 
tion a  definite  reply  can  be  given.  It  is  dovetailed  with  the  glacial 
deposits  in  such  a  manner  as  to  show  that  its  formation  has  taken  place 
at  successive  ejiochs.  'I  bus  it  occurs  occupying  an  interglacial  position 
between  the  accumulations  of  the  first  and  second,  and  between  those 
of  the  second  and  third  ?I»c!al  epochs.  When  we  pass  down  the  valley 
of  the  Uhliie  a  sirr  'in  is  encountered.     Iu  the  wide  plain 

lying  between  the '  '  Black  Forest,  loss  is  met  with  on  the 

same  geological  h(  %  the  gravel  terraces  of  the  first  and 

the  second  glacial  <  V  so,  but  even  the  youngest  or  lowest 


THE  TUNDBAS  AND  STEPPES  OP  PREHISTOHIC  EUROPE.      343 

graTel  terrace  (that  of  the  third  glacial  epoch)  is  in  like  manner  sheeted 
in  loss.  The  loss  on  these  three  separate  horizons  ia  for  the  most  part 
wind  blown,  and  exactly  resembles  that  of  middle  Garope  generallf , 
Bhowinf;  the  same  structure  and  arrangement,  and  containing  a  similar 
assemblage  of  organic  remains. 

To  what  extent  each  of  these  "  horizons ''  of  loss  may  be  represented 
in  the  low  grounds  of  middle  Europe  we  can  not  definitely  say.  Bat  as 
the  materials  of  the  loss  are  for  the  most  part  of  flnvio-glaciat  origin,  it 
is  obvious  that  such  accumulationx  must  have  been  formed  during  each 
SDCcessive  advanceof  tbe  alpiue  glaciers.  As  each  glacial  epoch  passed 
away  those  accumolatious  were  greatly  modified  by  tbe  wind,  and  drifted 
into  the  valleys  that  drain  the  Alps,  where  they  were  subsequently 
covered  and  to  some  extent  preserved  under  the  morainic  and  fluvio- 
glacial  deposits  of  tbe  succeeding  epoch  of  glacial  advance.  It  seems 
probable,  therefore,  that  the  vind-blown  loss  of  tbe  low  grounds  of 
middle  Europe  does  not  belong  exclusively  to  any  one  particular  stage 
of  the  glacial  period.  It  is  impossible,  however,  at  present  t«  divide 
it  up  into  separate  stages.  But  we  may  feel  sure  that  if  tundra  and 
steppe  faunas  succeeded  each  other  again  and  again  in  tbe  valley  of 
the  Rhine,  tbey  coald  hardly  fail  to  have  done  tbe  same  in  the  wide 
plains  of  middle  Europe. 

It  will  be  remembered  that  at  the  Schweizersbild  tbe  deposits  con- 
taining remains  of  tnudra  and  steppe  faunas  rest  immediately  upon 
fiuvio-glaoial  gravels.  These  gravels  were  laid  down  during  the  third 
glacial  epoch.  It  is  quite  certain,  therefore,  that  the  faunas  referred  to 
must  have  entered  Switzerland  after  the  retreat  of  tbe  glaciers  from  tbe 
low  grounds.  But  bow  long  an  interval  may  have  elapsed  between  the 
disappearance  of  tbe  glaciers  and  tbe  advent  of  the  lemmings  and 
their  congeners  we  can  not  tell.  All  we  know  is  that  after  the  appear- 
ance of  the  tundra  fauna  in  Switzerland  the  climate,  at  first  cold  and 
arctic,  gradually  became  less  extreme,  so  that  in  time  a  steppe  fauna, 
and  afterwards  a  forest  fauna,  succeeded.  In  other  words,  no  percepti- 
ble hiatus  separates  the  present  from  the  conditions  that  obtained  wben 
the  reindeer  hunter  vaoislied  from  the  alpine  lauds.  He  was  succeeded 
by  Neolithic  man,  just  as  tbe  latter  was  followed  by  the  meu  who  used 
bronze  and  iron  implements  and  tools.  So  far  as  the  evidence  of  the 
Schweizersbild  rock  shelter  is  concerned,  we  should  infer  that  no  great 
alternations  of  cold  and  genial  epochs  followed  after  the  final  retreat  of 
tbe  great  glaciers  of  the  third  glacial  epoch.  Bat,  as  we  shall  see 
presently,  tbe  tale  told  by  that  interesting  rock  shelter  is  incomplete. 
Certain  considerable  climatic  changes  did  take  place  after  the  third 
glacial  epoch  had  passed  away.  Tbe  evidence  of  such  change,  however, 
though  not  wanting  in  the  alpine  lands,  is  much  more  clearly  displayed 
in  northwestern  Europe.  To  the  testim<Hiy  yielded  by  the  glacial  and 
interglacial  deposits  of  that  region,  therefore,  we  sball  now  direct 
attention. 
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It  will  be  remembered  that  during  the  flrat  glacial  epoch  a  great 
Baltic  glacier  est»ted,  and  an  arctic  faana  lived  in  tite  Nortb  Sea.  Tbat 
epocta  was  xacceeded  by  tbe  first  interglacial  stage,  when  the  soatfaera 
part  of  the  North  Sea  became  dry  laod,  and  England  was  occupied  by 
an  abundant  mammalian  fauna— comprising  hippopotamus,  elephanta, 
rhinoceros,  horse,  bison,  boar,  many  kinds  of  deer,  and  a  number  of 
carnirores,  including  bears,  hyena,  saber-toothed  tiger,  wolf,  fos,  etc. 
The  conteDiporaneons  flora  was  temperate,  resembling  very  much  that 
which  now  exists  in  southeast  Kngland.  In  similar  latitudes  on  tbe 
continent  the  same  mammalian  faona  flourished,  while  the  flora  was 
temperate,  but  suggestive  of  less  strongly  contrasted  summers  and 
winters  than  tlie  present.  A  kind  of  insular  climate,  in  short,  seems  to 
have  characterized  north  Germany. 

To  this  genial  interglacial  epoch  succeeded  the  second  and  most 
extreme  of  all  the  glacial  epochs.  Au  enormous  mer  de  glace  then 
extended  over  all  northern  and  northwestern  Europe,  from  the  British 
area  in  the  west  to  the  Urals  in  the  east,  and  trom  Lapland  in  the  north 
to  the  mountains  of  middle  Europe  in  the  south.    (See  Map  B.) 

When  these  extreme  conditions  eventually  passed  away,  the  second 
interglacial  epoch  sux>ervened,  characterised,  as  the  earlier  one  had 
been,  by  a  genial  temperate  climate,  by  the  presence  in  England  and 
the  continent  of  the  great  pachyderms  and  their  congeners,  and  by  tbe 
appearance  of  Paleolithic  man. 

This  second  interglacial  epoch  was  in  its  turn  succeeded  by  a  third 
advance  of  the  Scandinavian  "inland  ice,"  which  once  more  coalesced 
with  tbe  mer  de  glace  of  the  British  area.  It  did  not,  however,  flow  bo 
far  as  its  predecessor.  Nevertheless,  it  reached  the  Valdai  Hills  in  the 
east,  the  valley  of  tbe  Elbe  in  tbe  south,  and  covered  all  Scotland,  tbe 
north  of  England,  and  tbe  major  portion  of  Ireland.  This  ice  flow  was 
most  probably  contemporaneous  with  the  third  advance  of  tbe  great 
glaciers  of  the  Alps.    (See  Map  C.) 

It  is  noteworthy  tliat  the  loss  in  north  Germany  nowhere  overliea 
the  morainic  accumulations  of  the  third  glacial  epoch.  It  does,  how- 
ever, cover  the  marginal  area  of  the  ground  fonnerly  iuvaded  by  the 
second  and  greatest  mer  de  glace.  This  clearly  shows  that  the  Iush 
of  north  Germany  must  belong,  in  part  at  least,  to  tbe  second  intergla- 
cial epoch.  The  fact  that  it  everywhere  avoids  the  regions  over  which 
the  third  great  ice  sheet  prevailed,  does  not,  however,  prove  that  tun- 
dra and  steppe  conditions  did  not  supervene  at  a  later  date  in  middle 
Europe.  The  evidence  supplied  by  the  alpine  lands,  and  tbe  great 
valleys  that  drain  those  lands,  is  quite  conclusive  of  the  contrary. 
There  is  no  doubt  whatever  that  the  Paleolithic  reindeer  hunters  fol- 
lowed tbe  chase  in  middle  Europe  long  after  the  third  great  Scandina- 
vian mer  de  glace  bad  retired  from  tbe  plains  of  north  Germany.  Thtt 
(roogrnphical  distribution  of  the  wind-blown  loss  shows  that  steppe 
conditions  were  restricted  to  a  broad  belt  of  land  in  middle  Europe. 
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Tliese  nonditioQR  were  rendered  posftible  by  the  former  greater  extension 
of  uar  <mitineiit  into  the  Atl»ntic,  when  the  major  portion  of  the  North 
Sea  and  the  I'^nglin))  (Jhainiel  were  dry  land,  and  the  British  Islands 
formed  part  of  the  continental  area. 

Considerable  dimuticnhaiifiies  continued  to  take  place  after  thepasa> 
iiigof  the  third  plad:il  epoch.  These  have  left  their  traces  in  the 
nlpine  lands,  hut  they  »re  nowhere  m>  clearly  seen  as  in  northern  and 
northwestern  I-"urope.  Temi>er»te  conditions  supervened  in  north 
Germany,  the  tlora  and  fanna  closely  ra'iembting  those  of  the  present 
Bnt  eventnally  a  relapse  to  f^lacial  conditions  followed,  and  from  the 
Scandinavian  snow  fields  another  invasion  of  north  Germany  took 
plaee.  Norway,  Sweden,  an<l  l''inland  were  now  once  more  shronded 
in  ice,  and  a  great  Baltic  glacier  came  into  existence,  the  gigantic  ter- 
minal moraines  of  which  are  met  with  in  Denmark,  Schleswig-Holstein, 
and  Prnssia.  The  Scottish  Highlands  and  other  monntainons  parts  of 
the  Britinh  Ltlands  at  the  same  time  nonrisbed  local  ice  sheets  and 
large  valley  glaciers,  which  in  many  cases  descended  to  the  sea.  The 
alpine  lands  in  like  manner  witnessed  a  recrudescence  of  glaciatiou, 
large  glaciers;  Howing  into  the  great  longitudinal  valleys,  bat  nowhere 
deploying  as  before  uiH>n  the  low  grounds.  It  is  to  this  st^ge,  proba- 
bly, that  we  should  assign  the  tundra  fanna  of  the  Scbweii^ersbild. 
(See  Map  !>.) 

The  succession  in  that  interesting  rock  shelter  has  shown  that  as  the 
severity  of  the  climate  relaxed,  steitpe  and  forest  fannas  successively 
followed  the  disappearance  of  the  tundra  forms.  The  climate  of  Europe 
generally  became  temperate,  and  immense  forests  overspread  wide 
regions.  It  was  during  the  approach  of  these  couditiouH,  as  we  have 
seen,  that  Paleolithic  man  seems  finally  to  have  vanished  and  the 
Neolithic  races  to  have  made  their  earliest  appearance  in  Kurope.  The 
British  Islands  at  this  time  formed  part  of  the  continent  and  the  Baltic 
existed  ns  a  great  fresh-water  lake.  The  lower  buried  forests  of  onr 
)ieat  bogs  are  among  the  conspicuous  remainsof  this  stage.  Eventually, 
however,  subn)ergence  ensued,  the  British  Islands  were  severed  ftom 
the  continent,  and  the  sea  again  invaded  the  Baltic  basin.  It  is  nota- 
ble that  the  character  of  the  marine  fauna  whicli  at  this  stage  lived  off 
the  coasts  of  Scandinavia  and  Britain  is  indicative  of  more  genial  con- 
ditions than  now  obtain.  The  climate,  however,  gradually  became 
colder,  the  vertical  and  liorizontal  range  of  the  forests  was  restricted, 
and  snow  fields  again  appeared  among  the  higher  mountains  of  oor 
islands.  In  Scotland  glaciers  here  and  there  came  down  to  the  sea, 
and  dropped  their  moraines  upon  the  beaches  then  forming;  the  large 
m^ority,  however,  terminated  inland.  At  that  time  the  snow  line  in 
north  firitiiin  ranged  between  2,(KK)  and  2,ti00  feet.  Similarly,  in  Nor- 
way and  in  the  Alps  an  mlvance  of  glaciers  took  place — the  snow  line 
in  southern  Norway  being  about  'J,4U<t  feet,  while  in  the  alpine  lands 
it  seems  to  have  averaged  7,.'HMI  feet,  or  some  1,600  feet  lower  than  the 
present. 
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Later  climatic  oscillations  followed,  but  on  a  decidedly  rednced  Bcale. 
The  eH'ect  of  these  was,  naturally  enough,  most  marked  iu  northwesterD 
Europe,  decreasing  gradually  southward,  and  doubtless  eventually 
fading  away  in  the  lower  latitudes  of  the  contineut.  It  is  uot  uecea- 
sary  for  my  present  purpose  to  do  more  than  briefly  indicate  the  gen- 
eral character  of  these  later  changes  so  far  as  they  affected  our  own 
area. 

The  local  glaciers  of  the  British  mountaios,  some  of  which,  as  I  have 
said,  actually  entered  the  sea,  at  last  began  to  retreat.  The  climate 
became  more  geuial,  aud  so  once  more  &vored  the  growth  of  forests, 
which  in  many  places  began  to  overspi-ead  the  now  dry  peat  bogs, 
beneath  which  the  trees  of  the  earlier  forest  epoch  lay  entombed. 
Eventnally,  however,  colder  and  more  humid  conditions  returned,  and 
small  glaciers  appeared  iu  a  few  places  among  the  loftiest  heights  of 
the  Scottish  Highlands.  The  position  of  the  moraines  of  these  glaciers 
indicates  a  height  of  3,500  feet  for  the  snow  line.  The  forests  now,  as 
before,  began  to  decay  in  mauy  places,  and  the  bog  moss  and  its  allies 
again  extended  in  all  directions,  and  so,  erentually,  a  second  forest 
bed  became  entombed  in  growing  peat.  It  is  needless  to  say  that  the 
evidence  of  these  later  changes  is  uot  restricted  to  Scotland.  The  bogs 
of  the  two  sister  countries,  and  of  the  corresponding  latitudes  on  the 
contineut,  present  us  with  precisely  the  same  phenomena. 

The  present  decayed  aspect  of  the  bogs  in  many  places  where  they 
formerly  flourished,  and  the  fact  that  certain  plants  and  groups  of 
plants  are  once  more  begiuriing  to  invade  such  wastes,  shows  that 
we  are  now  living  under  somewhat  milder  and  less  humid  conditions. 

Although  these  later  climatic  oscillations  certainly  affected  the  dis- 
tribution of  plants  aud,animals  to  some  extent  iu  northern  and  north- 
western Europe,  yet  the  changes  brought  about  were  insignificant  as 
compared  with  those  which  characterized  the  alternations  of  preceding 
glacial  and  interglacial  epochs.  The  earlier  cold  and  genial  stages 
were  strongly  contrasted,  and  marked  by  great  migrations  of  flora  and 
fauna.  But,  as  the  strange  cycle  drew  to  a  close,  the  contrast  between 
glacial  and  interglacial  phases  became  1e.s8  and  less  pronounced  and 
gradually  faded  away  into  the  present.  The  steppe  fauua  vanished 
from  middle  Europe  during  the  fourth  interglacial  epoch,  and  it  never 
returned.  The  climatic  oscillations  that  followed  were  on  too  small  a 
scale  to  induce  great  migrations,  and  thus  the  succeeding  forest  fauna 
retained  its  place.  Hence  in  such  a  section  as  that  seen  in  the  rock 
shelter  of  Schweizersbild,  we  And  no  recognizable  evideoce  of  the  cli- 
matic changes  to  which  the  buried  forests  and  peat  bogs  and  the  small 
local  moraines  of  northern  and  northwestern  Europe  beai-  t«8timony. 
It  Is  thus  only  by  correlating  and  comparing  the  evidence  over  the 
widest  area  that  we  are  able  to  get  the  story  completed. 

In  liue,  we  have  seen  that  tundras  and  steppes  appeared  atsaccessive 
eiMtchs  in  prehistoric  Europe.    The  former  were  contemporaneous  with 
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tlie  great  ice  sheets  aod  glaciers,  wliile  the  iater  came  into  existence 
when  glacial  conditioDS  were  passing  away.  Ttie  tundra  and  steppe 
conditions  of  oar  continent  belong,  iu  short,  to  that  remurbable  cycle  of 
climatic  and  geographical  changes  known  as  the  Ice  age  or  glacial 
period.  Paleolithic  man  nudonbtedly  lived  through  both  phases,  for 
bis  relics  and  remains  are  found  associated  alike  with  the  arctic  lem- 
mings and  the  succeeding  steppe  animals.  Whether  the  reindeer  hun- 
ter of  middle  Europe  ever  came  into  contact  there  with  the  Neolithic  ' 
man  we  can  not  tell.  Were  we  to  trust  to  negative  evidence  we  should 
say  he  never  did.  But  negative  evidence  can  not  be  trusted.  It  is 
quite  possible  that  the  two  races  may  have  met  and  even  commingled, 
but  of  this  no  proof  is  forthcoming.  The  strong  hiatus  that  separates 
the  Old  3tene  and  the  Kew  Stone  epochs  in  western  and  northwestern 
Euroi>e  has  not  yet  been  bridged  over  in  middle  and  southern  Europe. 
When  last  we  see  Paleolithic  man  he  is  hunting  the  reindeer  and  the 
mammoth  in  the  Danubian  steppes.  His  Neolithic  successor  seems  not 
to  have  appeared  in  middle  Europe  before  steppe  conditions  bad  passed 
away  and  a  forest  flora  and  fauua  bad  become  dominant. 
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MODIFICATION   OF   THE   GREAT   LAKES    BY  EARTH 
MOVEMENT.' 


By  G.  K.  Gilbert, 

United  StalM  Geological  Jarcey. 

The  hiahtry'of  the  Great  Lakes  practically  begins  with  the  ineltiiig 
of  the  PleistoceDe  ice  sheet.  Tbey  may  have  existed  before  the  in- 
vasion of  the  ice,  but  if  so  their  drainage  syBtetn  is  nnknown.  The  ice 
came  from  the  uorth  aud  northeast,  and  spreading  over  the  whole  Lan- 
rentian  betsin  iovaded  the  drainage  districts  of  the  Mississippi,  Ohio, 
Snsqnebanna,  aud  Hndsoti.  Daring  its  wandering  there  was  a  long 
period  when  the  waters  were  ponded  between  the  ice  front  aud  the  up- 
lands south  of  the  Laurentian  basin,  forming  a  series  of  glacial  lakes 
whose  outlets  were  southward  through  varioas  low  passes.    A  great 
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inucli  smaller  ttaan  the  moderu  lake,  because  the  baaio  was  tbeu  com- 
paratively low  at  the  uortheast.  Its  outline  is  approximately  showu 
by  the  inner  dotted  liiieof  tbeaccompaByingmap.  Instead  of  reaching 
from  the  site  of  Boffalo  to  the  site  of  Toledo,  it  extended  only  to  a 


Tha  brokta  tinea  Bbov  tbe  pwdtloaa  of  the 


ipoctaa  nrihe  Uke'i  histnrj. 


point  opposite  the  present  city  of  Erie,  and  it  was  bat  oue-aixth  as 
large  as  the  modern  lake.  Since  that  time  the  land  has  gradaally  risen 
at  the  north,  canting  the  basin  toward  tbe  south,  and  the  lake  has 
{gradually  encroached  upon  the  lowlands  of  its  valley.    At  a  date  to 


the  origliuJ  extvDt  of  the  la 


be  presently  mentioned  as  the  Nipissing,  tbe  western  end  of  the  lake 
was  opposite  the  site  of  Cleveland,  as  indicated  by  another  dotted 
line. 

The  next  great  lake  to  be  released  from  the  domination  of  the  ice 
was  probably  Ontario,  though   the  order  of  precedence  is  here  not 
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e<iuully  clear.  Before  the  Ontario  Valley  beld  a  laud-bound  lake  it 
was  occupied  by  a  gulf  of  the  ocean.  Owing  to  the  different  attitude 
of  the  land,  the  water  sarfa<;e  of  thig  gulf  was  not  jtarallel  to  the 
present  lake  »ar&ce  but  inclined  at  an  angle.  In  the  extreme  north- 
east, in  the  vicinity  of  the  Thousand  Islanda,  the  marine  shores  are 
nearly  200  feet  above  the  present  water  level,  but  they  descend  south- 
ward and  westward,  passtug  beneath  the  lake  level  near  Oswego,  and 
toward  the  western  end  of  the  lake  must  be  submerged  several  bnu- 
dred  feet.  This  condition  was  of  short  duration,  and  the  rising  land 
soon  divided  the  waters,  oettablishing  Lake  Ontario  as  an  indepen- 
dent water  body.    The  same  peculiarity  of  land  attitude  which  made 


the  original  Erie  a  small  lake  served  to  limit  the  extent  of  Ontario, 
bat  the  restriction  was  less  in  amount  because  of  tbe  steeper  s]o])es ' 
of  the  Ontario  basin.  Here  again  tbe  southward  tilting  of  tbe  land 
had  the  effect  of  lifting  the  point  of  outlet  and  enlarging  the  expanse 
of  the  lake. 

There  is  some  reason  to  think  that  the  upper  lakes — Huron.  Michigan, 
and  Superior — were  at  first  open  to  the  aea,  so  as  to  constitute  a  gulf, 
but  tbe  evidence  is  not  so  fall  as  could  be  desired.  When  the  normal 
lacustrine  condition  was  established  they  were  at  first  a  single  lake 
instead  of  three,  and  the  outlet,  instead  of  being  southward  f^m  Lake 
Huron,  was  northeastward  from  Georgian  Bay,  the  outlet  river  follow- 
ing the  valleys  of  the  Mattawa  and  Ottawa  to  tbe  St.  Lawrence.    The 
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triple  lake  i»  known  to  us  cbiefiy  ttiroagh  tbe  labors  of  F.  B.  Taylor, 
who  has  made  exteoaive  studieH  of  its  shore  line.  This  line,  called  the 
Nipisslng  shore  line,  is  not  wholly  submerged,  like  tbe  old  shores  of 
L^es  Erie  and  Ontario,  but  has  chiefly  above  the  present  water  surfaces. 
It  has  been  recognized  at  many  points  about  Lake  Superior  and  the 
northern  parts  of  Lakes  Harou  and  Michigan,  and  lueasureraents  of  its 
height  shows  that  its  plane  has  a  remarkably  uniform  dip,  at  7  inches 
per  mile,  iu  a  south  southwest  direction,  or,  more  exactly,  S.  27°  W. 
Ab  will  be  seen  by  the  accompanying  map,  reproduced  fi-om  Taylor,  it 
crosses  the  modern  shore  line  of  Lake  Superior  near  its  icestern  end, 
thereby  passing  beneath  tbe  water  surface,  and  it  similarly  passes 
below  tbe  surface  of  Liike  Michigan  near  (ireea  Hay  and  below  the 
surface  of  Lake  Huron  just  north  of  Saginaw  Bay,  Tbe  southward 
tilting  of  tbe  land,  involving  the  uplift  of  the  point  of  outlet,  increased 
tbe  capacity  of  the  basin  and  the  volume  of  the  lake,  gradually  carry- 
ing the  coast  line  southward  in  Lake  Huron  and  Lake  Michigan,  until 
finally  it  reached  the  low  pass  at  Port  Boron  and  the  water  overflowed 
via  the  St.  Clair  and  Detroit  channels  to  Lake  Erie.  The  outlet  by 
way  of  tbe  Ottawa  was  then  abandoned,  and  a  continuance  of  tbe 
uplift  caused  the  water  to  slowly  recede  from  its  northern  shores. 
This  change  after  a  time  separated  Lake  Sa|>erior  from  the  other  lakes, 
bringing  the  St.  Marys  River  into  existence,  and  eventually  the  present 
condition  was  reached. 

These  various  changes  are  so  intimately  related  to  the  history  of  the 
Niagara  liiver  that  tbe  Niagara  time  estimates,  based  on  the  erosion 
of  the  gorge  by  the  <;ataraGt,  can  be  applied  to  them.  Lake  ICrie  has 
existed  approximately  as  long  as  the  Niagara  River,  and  its  age  shonld 
probably  be  reckoned  in  tens  of  thousands  or  hundreds  of  thousands 
of  years.  Lake  Ontario  is  much  younger.  All  that  can  be  said  of  the 
beginning  of  Great  Lake  Nipissing  is  that  it  came  long  after  tbe  begin- 
ning of  Lake  Erie,  but  the  date  of  its  ending,  through  the  transfer  of 
outlet  from  the  Mattawa  to  the  St.  Clair,  is  more  definitely  known. 
That  event  is  estimated  by  Taylor  to  have  occurred  between  five 
thousand  and  ten  thousand  years  ago.' 

Tbe  lake  history  thus  briefly  sketched  is  cbaractei  ized  by  a  pro- 
gressive change  in  the  attitude  of  tbe  land,  the  northern  and  north- 
eastern i>ortions  of  tbe  region  becoming  higher,  so  as  to  turn  the  waters 
more  and  more  toward  the  southwest.  The  latest  change,  from  Great 
Lake  Nipissing  to  Great  Lakes  Suiierior,  Michignn,  and  Huron, 
involving  an  uplill  at  tbe  north  of  more  than  100  feet,  has  taken  place 
within  so  short  a  period  that  we  are  naturally  led  to  inquire  whether 
it  has  yet  ceased.  Is  it  not  probable  that  the  land  is  still  rising  at  the 
north  and  the  lakes  are  still  encroaching  on  their  southern  shoresi 
J,  W.  Spencer,  who  has  been  an  active  explorer  of  tbe  shore  lines  of 
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the  glacial  lakes  aud  Lad  given  much  Btndy  to  related  problems,  is  of 
opinioD  tbat  the  movemeats  are  not  complete,  and  predicts  that  they 
will  resnlt  in  the  restoration  of  the  Chicago  outlet  of  Lake  Michigan 
aud  the  drying  of  Niagara.' 

The  importance  of  testing  this  question  by  actual  meaaaremeuts  vas 
impressed  upon  me  several  years  ago,  and  1  endeavored  to  secure  the 
institution  of  an  elaborate  so':,  of  observations  to  that  end.  Failing  iu 
this,  I  undertook  a  less  expensive  investigation,  which  began  with 
the  examination  of  existing  records  of  lake  height  as  recorded  by 
gage  readings,  and  was  continued  by  the  establishment  of  a  number  of 
gage  stations  iu  1896,  To  understand  fully  the  nature  of  this  investi- 
gation it  is  necessary  to  consider  the  difBcalties  tbat  arise  ft-om  the 
multifarious  motions  to  which  the  lake  water  is  sobject. 

If  the  volume  of  a  lake  were  invariable,  and  if  its  water  were  in  per- 
fet^t  eiiuilibrinm  under  gravity,  its  surface  would  be  uonstant  and  level, 
and  any  variatiou  dne  to  changes  in  the  height  of  the  land  could  be 
directly  detennitied  by  observations  on  the  position  of  the  water  sur- 
face with  reference  to  the  landj  bat  these  conditionsare  never  realized 
iu  the  case  of  the  Great  Lakes,  where  the  volume  continually  changes 
and  the  water  is  always  in  motion.  The  investigator  therefore  has  to 
arrange  his  measurements  bo  as  to  eliminate  the  effect  of  such  changes. 

Consider  first  the  influence  of  wind.  The  friction  of  the  wind  on  the 
water  produces  waves.  These  are  temporary  and  practically  cease  in 
periods  of  calm ;  the  perpetual  ground  swell  of  the  ocean  is  not  known  on 
the  lakes.  The  friction  of  the  wind  on  the  water  also  drives  the  water  for- 
ward, producing  currents.  The  water  thus  driven  against  the  lee  shores 
retnrns  iu  nndercnrrents,  but  the  internal  friction  of  the  water  resists  and 
delays  the  return,  and  there  is  consequently  a  heaping  of  water  against 
lee  shores  and  a  corresponding  lowering  of  iti^  level  on  other  shores. 
During  great  storms  these  differences  amount  to  several  feet,  reaching 
a  maximum  in  Lake  Erie;  in  October,  1886,  a  westerly  gale  is  reported 
to  have  raised  the  water  8  feet  at  Buffalo  aud  depressed  it  8  feet  at 
Toledo.^  For  light  winds  the  changes  of  level  are  much  smaller,  but 
they  are  nevertheless  appreciable,  and  they  have  even  been  detected 
in  the  case  of  the  gentle  '■  land  and  sea"  breezes  which  in  calm  weather 
are  created  by  the  diurnal  cycle  of  temi)erature  change  on  land. 

The  water  is  also  sensitive  to  atmospheric  pressure.  If  the  air  pressed 
equally  on  all  parts  of  the  lake  surface,  the  equilibrium  of  the  water 
would  not  be  disturbed;  but  its  pressure  is  never  uniform.  As  shown 
by  the  isobars  on  the  daily  weather  map,  there  are  notable  differences 
of  pressure  from  poinf  to  point,  and  within  the  length  of  one  of  the 
Great  Lakes  these  often  amount  to  several  tenths  of  a  barometric  inch. 


I  Froo.  Am.  Abb.  Adv.  6ci.,  Vol.  LUI,  1694,  p.  246. 

'Science,  Vol.  VIIl,pp.  34, 391.  The  effect  of  ii  atorm  in  October,  1S93,  is  nbly  dis- 
cussed by  William  T.  Dloiint,  iu  Ann.  Bept.  Cliief  of  EngioeerB,  U.  S.  A.,  for  1894, 
part  6,  i.p.  3431-3436. 
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A  c<>]miiu  of  iiiervury  0.1  iuuli  high  weighs  as  tnavh  n»  a  <H)liimii  of  waler 
1.^  inches  high;  iiiid  whenever  the  »tiuos|iheric  ]>re88are  at  one  poiat 
oa  a  lake  exceeds  the  pressure  at  another  pointby  the  tenth  of  a  baro- 
metric inch,  the  water  level  at  the  first  point  is,  in  cooseqaence,  1^ 
inches  lover  thnti  the  water  level  at  the  second  point.  When  a  cunmlae 
dead  forms  over  the  water,  there  is  a  reactaon  on  the  water,  disturbing 
its  eqaillbriaui,  and  the  passage  of  a  thnuderstorui  often  prodnees  oscil- 
lations attracting  the  attention  of  even  the  casual  observer.  Sacb  sud- 
den and  temporary  variations  of  pressure  give  rise  to  waves  analogous 
to  those  cau8e<l  by  u  falling  pebble,  except  that  they  are  broad  and  low, 
and  these  waves  not  only  travel  to  all  parts  of  a  lake,  but  nre  continaed 
by  reflection,  so  that  a  local  storm  at  one  point  is  felt  in  the  water  sur- 
face at  all  points  and  for  a  considerable  period.  The  passage  of  the 
great  atmospheric  waves  associiited  with  ordinary  cyclonic  storms  and 
the  impulses  given  by  winds  are  also  able  to  set  the  whole  body  of 
the  lake  in  motion,  so  that  it  sways  from  side  to  side  or  end  to  end 
like  the  swaying  water  in  a  tub  or  basin,  and  these  swaying  motions 
are  of  indefinite  continuance.  In  the  deeper  lakes,  and  probably  in  all 
the  lakes,  they  are  so  enduring  as  to  bridge  over  the  intervals  from 
impulse  to  impulse.  Such  oscillations,  which  appear  at  any  point  on 
the  coast  as  alternate  risings  and  fallings  of  the  water,  with  periods 
ranging  from  a  few  minutes  to  several  hours,  are  called  seiches.  Their 
amplitude  in  usually  a  few  inches,  but  at  the  ends  of  lakes  is  sometimes 
a  foot  or  more. 

The  lakes,  like  the  ocean,  are  swayed  by  the  attractions  of  the  sun 
and  moon.  Their  tides  are  much  smatler  than  those  of  the  ocean,  and 
are  even  small  ns  compared  to  tlie  seiches,  but  they  are  still  measurable. 
At  Milwaukee  the  lunar  tide  rises  nnd  falls  more  than  an  inch  and  the 
solar  tide  a  half  inch.  At  Chicago  and  Daluth  each  tide  amounts  to  an 
inch  and  a  half,  and  their  combination  at  new  and  full  moon  to  3  inches. 

Water  is  continually  added  to  eacli  lake  by  rivers  and  creeks,  but 
the  rate  is  not  uniform.  Usually  a  few  freshets,  occurring  within  two  or 
three  weeks,  contribute  more  water  than  comes  daring  all  the  remainder 
of  the  year.  Water  is  also  added  in  an  irregular  way  by  rain  and  snow 
falling  directly  on  tlie  lake.  It  is  subtracted  by  evaporation,  the  rate 
of  which  varies  greatly,  and  by  overflow,  which  varies  within  moderate 
limits.  The  volame  of  water  contained  in  the  lake,  being  subject  to 
these  variable  gains  and  losses,  is  itself  inconstant,  and  the  general 
height  of  the  water  surface  therefore  oscillates.  In  average  years  the 
range  of  variation  for  Lake  Superior  is  12  inches;  for  Lakes  Michigan 
and  Huron,  12  inches;  for  Lake  Krie,  14  inches,  and  for  Lake  Ontario, 
17  inches.  Low  water  occurs  normally  in  .lanuary  or  February  for 
all  the  lakes  except  Superior,  where  it  occurs  in  March.  High  water 
is  reached  sooner  in  the  lower  lakes,  June  being  the  usual  month  for 
Ontario,  June  or  July  for  Erie,  July  for  Michigan  and  Huron,  and 
August  or  September  for  Superior.  Figure  i  shows  the  character  of 
the  annual  osctlhitions,  as  given  by  averages  of  long  series  of  years. 
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In  a  wet  year  more  water  unters  tbe  liiku  than  luuvetj  it,  and  there  is 
a  net  rise  of  ttae  anrfaoe;  iu  a  dry  year  there  is  a  net  fall.  A  series  of 
wet  years  produce  exceptionally  higb  water  and  a  series  of  dry  years 
esceptioDally  low,  so  tliat  the  entire  range  of  water  beight  is  consider- 
ably greater  than  tbe  aniinal  ranf^.  Tbe  recorded  range  for  Lakes 
Superior,  Micbigan,  and  Huron  is  between  5  and  6  feet;  for  Erie  and 
Ontario,  between  i  and  5  feet. 
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C«n[>il«)  nvm  moDttily  EDeiilis  publixlied  by  the  CbicF  of  Engiuteni,  t).  3.  A.  Eacli  vertical  spuxi  np. 
mwnti  a  mrhu.  The  DbaervntlaDs  for  Lake  Superior  covar  tb«  p«nad  ISU-IBW;  for  lllchigu- 
HuTOD,  IMO-iaSG,  for  Brit,  185S-I8M;  rorOaUrlo,  1860-181)5. 

The  accompanying  diagrnm  (fig.  5)  of  tlie  niicillations  of  Lake 
Michigan  illnstrates  the  annnal  cycle  and  also  tbe  progressive  changes 
from  year  to  year.  Being  compiled  from  montlily  means  of  gauge 
readings,  it  does  not  show  tides  and  seiches  uor  the  oscillations  of 
short  period. 

These  various  oscillations  of  the  water,  though  differing  widely  in 
amplitude,  rate,  and  cause,  yet  coexist,  and  they  make  tbe  actual 
movement  of  the  water  surface  highly  complex.  The  complexity  of 
movement  seriously  interferes  with  tbe  use  of  tbe  water  plane  as  a 
datum  level  for  the  measurement  of  earth  movements,  and  a  system  of 
observations  for  that  purpose  iieetis  to  be  planned  with  much  care. 
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The  maiu  priiiuiples  of  sucli  a  Bystem  are,  liowever,  simple,  and  may 
readily  be  atAted.  Tbe  moat  importaut  is  that  the  direct  measurement 
of  the  heights  of  individaal  points  should  not 
be  attempted,  bat  comparisoo  ahoold  always  be 
made  between  two  pointn,  their  relative  height 
being  measured  by  means  of  the  water  Bnrface 
naed  as  a  leveling  instrument. 

In  the  diagram,  figure  0,  A  O  B  is  the  profile 
of  a  lake  basin,  A  and  B  are  fixed  objects  on 
opposite  shores,  and  we  will  sappose  the  water 
surface  to  have  the  position  X  X',  Assoming 
the  water  in  eqnilibrinm,  all  parts  of  this  sarfacfl 
have  the  same  height.  If  the  height  of  A  above 
the  water  at  X  be  accurately  measured  by  the 
surveyor's  level,  and  the  height  of  B  above  the 
water  at  X'  be  similarly  measured,  then  the  dif- 
ference between  these  two  measurements  gives 
tbe  difference  in  height  between  A  and  B.  Alter 
an  interval  of  some  years  or  decades  the  work  is 
repeated.  Tbe  water  surface  then  has  some  dif> 
ferent  position,  Y  Y',  and  the  heights  measured 
are  of  A  above  Y  and  of  B  above  Y',  The  dilTer- 
ence  between  the  two  heights  gives,  again,  the 
relative  height  of  A  and  B;  and  if  earth  move- 
^f  I    I    I— I      g  I  8     ment  lias  tilt«d  the  basin  toward  A  or  B,  the 

~-^' »  "=  s    change  in  their  relative  height  may  be  shown 

I — l__fcj — LJ      13    .  e    (jy  j]jg  difference  in  the  two  results  of  measnre- 
ment. 

As  the  water  is  in  fact  not  still,  but  in  contin- 
nal  motion,  the  mere  running  of  lines  of  level 
from  A  and  B  to  the  water  does  not  finfilce,  and 
it  is  necessary  to  determine  from  observations 
on  the  oscillating  water  surface  what  would  be 
its  position  if  still.  Such  observations  are  made 
by  mean  s  of  gages.  These  are  of  various  forms, 
but  each  coiieists  essentially  of  a  fixed  point,  or 
_     If   I    I  j:        zero,  close  by  the  water,  and  a  graduateil  scale, 

_   * I        by  means  of  which  the  vertical  distance  of  the 

_  ^ ^        water  surface  from  tbe  zero  is  measured. 

^  a I  Changes  iu  the  volume  of  the  lake  influence 

all  i)arts  of  its  surface  equally  and  at  the  same 
time.  To  eliminate  their  efiects  from  the  meas- 
urements it  is  only  necessary  that  the  gage 
observatiouH  at  the  two  stations  be  simultaueous.  Tbe  effects  of  wind 
waves  can  be  prevented  by  breakwaters.  Disturbances  due  to  car- 
rents  propelled  by  strong  winds  can  be  avoided  by  choosing  times 
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when  tliere  is  little  wiiid.  The  eCTeots  of  light  winds  can  be  approxi- 
mately elimiQatad  by  taking  the  average  of  many  observations,  sad  so 
can  the  effects  of  seiches  and  tides.  The  effecta  of  differences  of  atmos- 
pherio  pressure  can  be  compnted  trom  barometric  measnrements  of  air 
pressure,  and  the  proper  corrections  applied.  It  is  also  possible,  by 
the  discassion  of  long  series  of  observations  at  each  station,  to  deter- 
mine the  local  tidal  effects  and  afterwards  apply  corrections;  and  the 
land  and  sea  breeze  effect  may  be  treated  in  the  same  way. 

lu  the  investigation  I  was  able  to  make,  consideration  was  given  to 
these  varioas  sources  of  error,  but  it  was  not  practicable  to  take  all 
det^trable  measures  for  avoidance  or  correction,  because  the  reading  of 
gages  was  only  partly  under  my  control.  Gage  stations  have  been 
established  on  the  Great  Lakes  at  vanons  times  and  at  various  places, 
and  the  records  of  readings  have  been  preserved.  In  some  cases  the 
zeros  of  gages  were  connected  by  leveling  with  bench  marks  of  a 
permanent  character,  and  in  a  few  instances  the  gages  themselves  are 
stable  and  enduring  stractnres.  The  most  important  body  of  informa- 
tion of  this  character  is  contained  in  the  archives  of  the  United  States 
Lake  Survey,  which  were  placed  at  m;  service  by  the  Chief  of  Eugi- 
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neers,  United  States  Army.  By  searching  the  records  I  was  able  to 
select  certain  pjiirs  of  stations  at  which  the  relative  heights  of 
permanent  points  on  the  shore  (equivalent  to  A  and  B  of  the  diagram) 
bad  been  practically  determined  twenty  or  more  years  ago.  At  some 
of  these  stations  gages  are  still  read ;  at  others  1  established  gages 
and  ran  the  leveling  lines  necessary  to  connect  them  with  the  old 
benches.  At  all  of  them  observations  were  maintained  from  Jaly  to 
October,  1890,  and  these  observations,  in  combination  with  the 
levelings,  afforded  measurements  that  could  be  compared  with  those 
ma<le  earlier,  ko  as  to  discover  changes  dne  to  earth  movement. 

It  will  not  be  necessary  to  give  here  the  details  of  observation  and 
computation,  as  they  are  fully  set  forth  in  a  paper  soon  to  be  printed 
by  the  Geological  Survey,'  but  the  general  scope  of  the  work  may  be 
briefly  outlined.  As  the  tilting  shown  by  the  geologic  data  wns  toward 
the  south' southwest,  stations  were,  so  far  as  possible,  selected  to  test 
the  question  of  motion  iu  that  direction.  The  most  easterly  pair  were 
Sacketts  Harbor  and  Charlotte,  New  York,  connected  by  the  water 
sarface  of  Lake  Ontario.  (See  map,  fig.  7.)  From  observations  by  the 
United  States  Lake  Snrvey  in  1874,  it  appeared  that  a  bench  mark  ou 
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Sitmmarif  of  diilamcen,  lime  intarats,  and  tHfa'ttremenf  of  Higtrmtia}  forth  moremeHli. 
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Weighted  meui 4Ii0.(O 

The  stutioDB  of  th«  several  pairs  are  at  different  distauces  apart,  the 
directions  of  the  lines  connecting  tbem  make  various  angles  with  the  the- 
oretic direction  of  tilting,  and  the  time  iut«rvala  separating  the  meas- 
aremeuts  are  dill<ereiit.  To  reduce  the  resnlts  to  common  terms,  I  have 
eompnted  from  each  the  rate  of  tilting  it  implies  in  the  theoretic  direc- 
tion, S.  27°  W.  In  the  sixth  column  of  the  preceding  table  the  rate  ia 
expressed  as  the  change  in  relative  height  of  the  ends  of  a  line  100  miles 
long  dnring  a  century. 

Oomparetl  in  tbis  way,  the  results  are  remarkably  harmonious,  the 
computed  rates  of  tilting  ranging  only  from  0.37  foot  to  0.46  foot  per 
100  miles  per  century;  and  in  view  of  this  harmony  it  is  not  easy  to 
avoid  the  conviction  that  the  buildings  are  firm  and  stable,  that  the 
engineers  ran  their  level  lines  with  accuracy,  that  all  the  various 
possible  accidents  were  escaped,  and  that  we  have  here  a  veritable 
record  of  the  slow  tilting  of  the  broad  lakfl-b«aring  plain. 

The  computed  naean  rate  of  tilting,  0.42  foot  per  100  miles  per  cen- 
tury, is  not  entitled  to  the  same  eontidence  as  the  fact  of  tilting.  Its 
probable  error,  the  mathematical  measure  of  precision  derived  tcom 
the  discordance  of  the  observational  data,  is  rather  large,  being  one- 
Dioth  of  the  whole  quantity  measured.  Perhaps  it  would  be  safe  to 
say  that  the  general  rate  of  tilting,  which  may  or  may  not  be  uniform 
for  the  whole  region,  falls  between  0.30  and  0.55  foot. 

While  the  credit  of  formulating  the  working  hypothesis  or  geologic 
prediction  which  has  tfans  been  verified  by  measurement  belongs  to 
Spencer,  It  ia  proper  to  note  that  the  fundamental  idea  of  modem 
differential  earth  movement  in  the  Great  Lakes  region  was  announced 
much  earlier  by  G.  R.  Stuntz,  a  Wisconsin  surveyor.  In  a  paper  com- 
municated to  the  American  Association  for  the  Advancement  of  Science 
in  1869,  he  cites  observations  tending  to  show  that  in  1852-53  the  water 
of  Lake  Superior  stood  abnormally  high  at  the  west  end,  while  it  was 
unusually  low  at  the  east,  and  he  infers  that  the  land  is  not  stable. 

The  geographic  effects  of  the  tilting  are  of  scientific  and  economic 
importance.  Evidently  the  height  of  lake  water  at  a  lake's  outlet  is 
regulated  by  the  discharge  and  is  not  affected  by  slow  changes  in  the 
attitude  of  the  basin,   but  at  other  points  of  the  shore  the  water 
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advances  or  retreats  as  the  baHiii  is  tipped.  Consider,  for  example, 
Lake  Superior.  On  tbe  map  (fig.  7)  a  line  has  been  drawu  tlirough  the 
outlet  at  the  head  of  St.  Marys  River  in  a  direction  at  right  auglee  to 
the  direction  of  tilting.  Alt  points  on  this  line,  called  the  isobase  of  the 
outlet,  are  raised  or  lowered  equally  by  the  tilting  and  are  nnchaQged 
with  reference  to  oue  another.  All  points  southwest  of  it  are  lowered, 
tbe  amount  varyiug  with  their  distances  from  the  line,  and  all  points  to 
the  northeast  are  raised.  The  water,  always  holding  its  aorface  level 
and  always  regulated  in  volume  by  the  discharge  at  tbe  outlet,  retreats 
from  tbe  rising  northeast  coasts  and  encroaches  on  the  sinking  south- 
west coasts.  Assuming  the  rate  of  tilting  to  be  0.42  foot  per  100  miles 
per  century,  the  mean  lake  level  isrising  at  Duluth6  iuchea  per  century 
and  falling  at  Heron  Bay  5  inches.  "Where  the  isobase  intersectB  tbe 
northwestern  shore,  which  happens  to  beat  the  international  boundary^ 
there  is  no  change. 

Lake  Ontario  lies  altogether  southwest  of  the  isobase  of  ita  outlet, 
and  tbe  water  is  encroaching  on  all  its  shores.  The  same  tilting  that 
enlarge<l  it  from  the  area  marked  by  the  dotted  line  of  flgnre  2  is  still 
increasing  its  extent.  Tbe  estimated  vertical  rise  at  Hamilton  is  6 
inches  per  century.  Tbe  whole  coast  of  Lake  Erie  also  is  being  sub- 
merged, the  estimated  rate  at  Toledo  and  Sandusky  being  8  or  9  inches 
per  century. 

The  isobase  of  tbe  double  lake  Huron -Michigan  passes  southwest  of 
Lake  Huron  and  crosses  Lake  Michigan.  All  coasts  of  Lake  Huron 
are  therefore  rising  as  compared  to  the  outlet,  and  the  consequent 
apparent  lowering  of  the  mean  water  surface  is  estimated  at  6  inches 
per  centary  for  Mackinac  and  at  10  inches  for  the  month  of  the  French 
River,  on  Georgian  Bay.  In  Lake  Michigan  the  line  of  no  change 
passes  near  Manistee,  Mich.  At  Escanaba  the  estimated  fall  of  the 
water  is  4  inches  per  century;  at  Milwaukee  the  estimated  rise  is  5  or 
0  inches,  and  at  Chicago  between  9  and  10  inches. 

These  stow  changes  of  mean  water  level  are  concealed  from  ordinary 
observation  by  the  more  rapid  and  impressive  changes  due  to  variations 
of  volume,  hut  tbey  are  worthy  of  consideration  in  the  planning  ot 
engineering  works  of  -a  permanent  character,  and  there  is  at  least  one 
place  where  their  influence  is  of  moment  to  a  large  community.  The 
city  of  Chicago  is  built  on  a  smooth  plain,  little  above  the  high-water 
level  of  Lake  Michigan.  Every  decade  the  mean  level  of  the  water  is 
an  inch  higher,  and  the  margin  of  safety  is  so  narrow  that  inches  are 
valuable.  Already  the  older  part  of  the  city  has  lifted  itself  several 
feet  to  secure  better  drainage,  and  the  time  will  surely  come  when  otbu^ 
measnres  of  protection  are  imperatively  demanded. 

Looking  to  the  more  distant  future,  we  may  estimate  the  date  at 
which  the  geographic  revolution  prophesied  by  Spencer  will  ocoor. 
Near  Cliicago,  as  already  mentioned,  is  an  old  channel  made  by  the 
outlet  of  a  glacial  lake.    The  bed  of  the  channel  at  the  summit  of  the 
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pass  is  about  S  feet  above  tlie  mean  level  of  Lake  Michigan  and  5  feet 
above  the  highest  level.  In  live  or  six  bnndred  years  (assumiag  the 
estimated  rate  of  tilting)  high  stages  of  the  lake  will  reach  the  pass, 
and  the  artificial  discbarge  by  cnnal  will  be  sapplemeuted  by  an  inter- 
mittent natural  discharge.  lu  one  thoasaod  years  the  discharge  will 
occnr  at  ordinary  lake  stages,  and  after  fifteen  hundred  years  it  will  be 
continuous.  In  about  two  thousand  years  the  discharge  froia  Lake 
Michigau-Horon-Erie,  which  will  then  have  substaotially  the  same 
level,  will  be  equally  divided  between  the  western  outlet  at  Chicago 
an<l  the  eastern  at  Buffalo.  In  twenty-five  hundred  years  the  Niagara 
River  will  have  become  an  intermittent  stream,  and  in  three  thousand 
years  all  its  water  will  have  been  divert«d  to  the  Chicago  outlet — the 
Illinois  Itiver,  the  Mississippi  River,  and  the  Gnlf  of  Mexico. 


D.qitizeabyG00l^lc 


D.qilizMb,G00>^le 


THE  PLAN  OF  THB  KAKTH  AND  ITS  CAUSES.' 


By  J.  W.  Gbeoory,  D.  Sc. 


THE  VABlATIONt)  OF  TOPOGEAPHIC   POBH. 

Despite  tlie  extreme  varinbility  ia  the  shapes  of  the  cootiueuta  aud 
their  appareotly  capricioas  distrEbatioD,  geographers  of  all  agea  have 
believed  that  the  arraDgeoicut  of  land  aod  water  od  the  globe  is  based 
on  a  regular  plan.  The  plan  caa,  of  course,  only  be  recognized  in 
broad  outline,  for  the  shape  of  the  land  masses  depends  on  the  atrnc- 
tnre  of  the  earth  forms,  vhich  vary  indefinitely.  Intricate  monntain- 
valley  systems  open  oat  to  wide-flnng  rolling  prairie,  stoneless  allavial 
flats  are  broken  by  the  crags  of  rock  ridges,  volcanic  cones  stand 
isolated  like  pyramids,  while  mountain  chains  run  thousands  of  miles 
unbroken.  Sach  contrasts  are  nataral,  as  the  land  forms  are  the  result 
of  the  struggle  of  complex  forces  with  varying  powers  of  attack  against 
complex  rock  masses  formed  of  materials  having  varying  powers  of 
resistance.  Coast  lines,  for  example,  jiroject  where  hard  rocks  repel 
the  sorf,  where  rivers  deposit  allnvium  more  quickly  than  the  tide  can 
remove  it,  or  where  the  winds  build  up  sand  dnnes,  whose  very  weakness 
ditiarms  the  waves.  Coast  lines  are  indented  where  soft  beds  crumble 
under  fVost  and  rain,  and  where  dominant  winds,  the  inset  of  an  ocean 
cnrrent,  or  an  undulation  on  the  sea  floor  directs  a  jet-like  stream  of 
water  against  the  shore.  Topographical  form  depends  on  so  many 
incalculable,  inconstant  factors  that  the  stages  of  its  growth  are  often 
now  untraceable.  The  missing  links  of  geographical  evolntion  are 
indeed  as  numerous  as  those  of  organic  evolution,  and  the  chapter  of 
accidents  is  invoked  by  geographers  to  explain  difficulties  analogous 
to  those  for  which  naturalists  appealed  to  the  doctrine  of  special  crea- 
tion. Bat  unexplained  differences  in  the  geographical  nnits  no  more 
disprove  an  orderly  progress  in  the  growth  of  the  continents  than  the 
existence  of  isolated,  unexplained  groups  of  animals  is  fatal  to  Dar- 
winism. Such  topographical  differences  are  of  secondary  importance 
in  contrast  to  tbe  unmerons  coincidences  and  repetitious  of  the  same 
essential  form  among  the  geographical  units.    (ieograi>hers  accordingly 

'  Read  at  the  Boyal  Oeograptkical  Sooiel;,  J*naary  23, 1899.  From  Th*  Geograph- 
ioal  Joamal,  No.  3,  March,  1899,  Vol.  XIII,  pp.  22&-251.  1 .-, 
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have  believed  that  there  is  a  bidden  contioeatal  aymmetry  which,  when 
discovered,  will  ezplais  the  law  tbat  has  deteraiined  the  distribotioa 
of  land  and  water  on  the  globe. 

This  idea  dates  from  tbe  dawD  of  geographical  science.  The  early 
classical  geographers  noticed  bow  the  seas  radiated  from  the  LerantiDe 
ares,  and  opened  to  a  broad,  boundless  ocean.  Tbey  accordinglf 
described  tbe  land  of  tbe  globe  ae  an  island,  floating  on  a  vast  sarround- 
iug  sea,  whence  cbauuels  converged  toward  the  hob  of  the  classical 
universe.  This  radial  plan  reappears  in  the  medieval  wheel  maps  in 
which  Jernsalom  was  accepted  as  tbe  center  of  the  world,  whence  tbe 
main  geographical  lines  radiated  like  the  spokes  of  a  wheel. 

These  systems  fell  forever  on  tlie  discovery  of  America,  which  could 
not  be  brongbt  into  conformity  with  the  radial  plan  by  even  the 
ingenious  devices  of  mediieyal  cartograpbers.  Later  on  came  au  even 
worse  blow.  Geologists  showed  that,  instead  of  the  land  areas  being 
fixed  and  immutable,  they  are  really  more  tickle  and  less  enduring  than 
the  sea.  The  distribution  of  land  is  therefore  constantly  changing, 
owing  to  local  variations  in  its  level.  The  discovery  of  this  truth 
seemed  to  destroy  the  very  basis  of  any  possible  earth  plan.  Indeed, 
Lyellism,  with  its  essential  doctrine  of  the  alternate  elevation  and 
subaidence  of  tbe  land  under  the  agency  of  local  causes,  seemed  incon- 
sistent with  tbe  existence  of  any  general  cause  governing  tbe  geo- 
graphical evolution  of  the  globe  as  a  whole. 

But  a  truer  appreciation  of  this  later  knowledge  did  not  conflrm 
these  first  deductions.  America  is  now  ased  ae  the  typical  or,  to  borrow 
aT>iological  phrase,  tbe  schematic  continent.  And  whenl^  remembering 
the  probability  of  local  variations  in  land  level,  allowance  is  made  for 
them,  new  resemblances  are  revealed,  and  exceptions  that  once  were 
senous  difiBcalties  are  removed.  For  instance,  the  oceans  all  end  Id 
triangles  pointing  to  the  north.  This  is  the  case  with  the  Pacific,  the 
two  sections  of  the  Indian  Ocean,  and  tbe  basins  of  the  Mediterranean. 
The  Atlantic  alone  is  broadly  open  at  its  northern  end.  But  Scotland 
and  Iceland  are  connected  by  a  submerged  ridge,  which  is  said  to  be 
capped  by  a  line  of  old  moraine.  If  this  ridge  were  raised  to  sea  level, 
the  Atlantic  would  conform  to  the  general  rule  by  tapering  northward 
to  a  iK>int  between  Iceland  and  Greenland. 

Similarly  with  the  land  masses.  There  seems  at  first  sight  no  resem- 
blance in  shape  between  the  Old  World  and  the  New,  But  the  Old 
World  is  divided  into  halves  by  a  band  of  lowland,  which  extends 
southward  from  the  Arctic  Ocean  to  the  Caspian,  and  northward  from 
the  Arabian  Sea  up  the  Persian  Gulf.  There  is  evidence  to  show  that 
the  sea  recently  covered  these  northern  lowlands  and  occupied  the 
Persian  depression;  while  somewhat  earlier,  in  Miocene  times,  tbe 
intervening  ridge  was  also  submerged.  Restore  these  conditions,  and 
tbe  continents  n-ould  occur  as  three  meridional  belts,  each  broken 
across  by  transverse  Mediterranean  seas,  viz,  North  and  South  America 
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seiiarated  by  the  Caribbean  depression;  Earope  anil  Africa  (tbe 
Euraitica  of  Professor  Lapwortb)  Beparateil  by  the  Mediterranean; 
Asia  and  Aastralasia  divided  by  the  Malaysian  folds. 

Hence  the  oscillating  diameter  of  the  land,  wbicb  appeared  fiitaJ  to 
the  old  faith  in  an  earth  plan,  helps  to  justify  it,  now  that  oceanog- 
raphy and  geology  have  shown  us  how  much  to  allow  for  the  obacaring 
action  of  these  changes  of  level. 

But  it  is  inadvisable,  in  attempting  to  esplaiii  the  existing  plan  of 
the  earth,  to  introduce  any  alterations  in  the  distribution  of  land  and 
water.  For,  although  a  geologist  may  have  no  doubt  about  such 
assumed  changes,  he  can  not  expect  geographers  to  have  an  equal 
faith  in  them,  or  even  to  take  mach  interest  in  a  world  thus  niodilied. 
Tbe  geographer  is  coocerued  with  the  existing  armiigement  of  the 
world,  and  not  with  tbe  more  or  less  problematical  plans  of  former  ages. 
The  introduction  of  earlier  and  more  primitive  geographical  systems, 
though  it  would  simplify  the  question,  is  unnecessary,  since  the  exist- 
ence of  a  present  earth  plan  is  clearly  revealed  by  three  striking  facts. 

GEOUBAPHICAL  SVMHETBY. 

Two  of  these  fa<:t8  are  stated  in  'every  geographical  text-book. 
They  are  evident  on  tbe  most  casual  exiunination  of  a  map.  The  first 
is  the  concentration  of  land  iu  tbe  Northern  and  of  sea  in  the  Soutbem 
Hemisphere.  The  second 
IB  the  triangular  shape  of 
the  geographical  units. 
Tbe  continents  are  trian- 
gular, with  tbe  bases  to 
the  north.  Tbe  oceans 
are  triangular,  with  the 
bases  to  the  south.  Ac- 
cordingly the  land  forms 
an  almost  complete  ring 
round  the  North  Pole,  and 
from  this  land  ring  three 
continents  project  south- 
ward.    Tbe  oceans  form  ng.i. 

a    continuous     ring     round        lt*POrTB«WO«LO.SHOS»lKaTHKD[BTFIBUTIONl)r  AimiWDAt 

the  South  Pole,  and  from  *""**" 

it  three  oceans  project  northward  into  the  angles  between  the  conti- 
nents. The  belts  of  sea  and  land  are  fixed  on  the  earth's  axis  like  a 
pair  of  cogwheels  with  interlocking  teeth.  These  two  belts  may  be 
referred  to  as  the  northern  land  belt  and  southern  oceanic  belt. 

The  third  striking  feature  in  tbe  earth's  physiognomy  is  leas  con- 
spicuous, but  is  even  more  significant.  It  is  known  as  the  antipodal 
arrangement  of  oceans  and  continents.  It  is  most  eat^ity  recognized 
by  examination  of  a  globe;  but  it  can  easily  he  illnstrated  by  a  plain 


"nOOgIc 


366  THE  PLAN   OK  THE  BABTH  AND   ITS  CAUSES. 

niap.  Tbe  antipodes  of  » graiiit  in  the  venter  of  tbe  contiueiit  of  North 
America  occurs  in  the  Indian  Ocean;  and  if  we  mark  on  a  map  tlie 
antipodes  of  all  tbe  points  in  North  America,  we  shonld  find  that  tbe 
whole  of  that  coDtineot  is  exactly  antipodal  to  the  Indian  Ocean. 
Similarly,  the  elliptical  mass  of  Europe  and  Africa  ia  antipodal  to  the 
central  area  of  the  Pacific  Ocean-,  the  comparatively  small  eontineot 
Australia  is  antipodal  to  tbe  comparatively  small  basin  of  the  North 
Atlantic;  tbe  South  Atlantic  corresponds — though  less  exactly — to  tbe 
eastern  half  of  Asia;  and  the  Arctic  Ocean  is  precisely  antipodal  to 
tbe  antarctic  land. 

These,  then,  are  tbe  three  fundamental  facte  in  the  ezistiDg  plan  of 
the  globe.  Our  main  problem  is,  Why  are  the  geo|[raphical  elements 
thus  shaped  and  thus  distributed  1 

THB  BA£TH'B  OONCENTBIO  BHBLL8. 

It  Amplifies  the  stfttement  of  the  problem  to  remember  that  tbe 
earth  consists  of  three  parts:  There  is  the  vast  nnknown  interior,  or 
"  centrosphere,"  concerning  which  physicists  have  not  come  to  any 
nnanimoas  decision,  some  saying  that  it  is  tliroagbout  solid  and 
rigid,  others  that  it  is  partly  fluid,  and  others  again  that  it  is  partly 
gaseous.  This  interior  mass  is  inclosed  by  a  shell  formed  of  two  layers, 
tbe  solid  crnst,  or  " lithospbere,"  and  the  oceanic  layer,  or  "hydro- 
sphere." It  is  possible  that  at  first  the  two  layers  of  the  shell  were 
regular  and  uniform,  in  which  case  the  whole  world  was  covered  by  a 
universal  ocean ;  but  before  tbe  dawn  of  geological  history  this  arange- 
ment  bad  been  disturbed  by  the  formation  of  irregularities  in  the 
surface  of  tbe  lithosphere.  Dry  land  appeared  at  the  areas  of  eleva- 
tion,andthewat«rs  gathered  together  into  the  intervening  depressions. 

The  problem,  then,  of  the  distribution  of  laud  and  water  on  the 
globe  is  the  problem  of  the  distribntion  of  irregnlarities  in  the  surface 
of  the  lithospbere.  We  are  accordingly  at  once  brought  face  to  face 
with  the  question.  When  were  the  existing  irregnlarities  madel  If,  as 
many  anthorities  aay,  these  depressions  date  fWim  tbe  earliest  days  of 
the  earth's  history,  and  have  lasted  nncbanged  in  [Ktsition  tliroaghoat 
geological  time,  then  we  are  thrown  back  upon  some  cause  which 
acted  when  tbe  earth  was  in  its  infancy.  In  that  case  the  qnestion  is 
astronomical  and  jiliysical,  instead  of  geological  and  geographical. 

PBE-GEOLUaiCAL   QEOGBAPHY. 

There  have  t)een  several  attempts  to  solve  the  qnestion  astronom- 
ically, of  which  the  most  important  is  that  of  Prof.  O.  H.  Darwin. 
According  to  his  luminous  theory  the  tidal  action  of  the  sun  on  tbe 
visi^ons  earth  formed  two  protuberances  at  opposite  itoints  of  tbe 
equator;  one  of  the  protuberances  broke  away  and  solidified  as  the 
moon,  which  revolved  round  tbe  earth  much  nearer  than  at  present. 
As  ft  new  equatorial  protuberance  formed  the  moon  pnlled  it  backward, 
thus  causing  a  series  of  wrinkles  in  the  earth's  crust,  which  persist  as 
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tlic  main  utruutiiml  liaes  of  tlie  coiitiucutH.  riie»e  wriiiklvii  rati  at  first 
uortb  and  soutli  from  the  equator.  But,  owing  Id  the  iiiood's  strong 
pull  OQ  the  eqaatorial  girdle,  tliia  part  of  the  earth  would  tend  to  revolve 
more  alowly  than  the  polai'  regions.  Hent;e  the  primitive  wrinkles  were 
deformed;  instead  of  being  meridional  in  direction,  they  would  trend 
northeasterly  in  the  northern  hemiiiphere,  and  southeasterly  in  the 
soathern  hemisphere.  Professor  Darwin  points  out  that  some  of  the 
most  striking  geographical  lines  on  the  earth  rnn  in  accordance  with  this 
plan.  He  instances  tbe  eastern  coast  of  Kortb  America,  the  western 
coast  of  Europe,  part  of  the  coast  of  China,  and  the  southern  part  of 
Sonth  America.  Bat,  with  characteristically  Darwinian  frankness,  he 
does  not  overpress  the  facts,  admits  that  the  resemblances  are  not  so 
convincing  ns  tbey  might  be,  and  that  some  cases — e.  g.,  the  western 
coast  of  North  America — are  absolutely  inconsistent  with  the  scheme. 


B  OBUqiri  COCKBB  OF  Tl 


Another  theory  that  attributes  tbe  formation  of  the  main  geograpliical 
lines  to  pregeological  incidents  is  given  tn  a  paper  by  Prinz,  "Sui  les 
similitudes  que  preseiitent  les  cartes  terrestes  et  Plau6taires,"  which 
elaborates  and  gives  an  astronomical  basis  to  ideas  previously  suggested 
by  Ijowtbian  Green  and  Danbn'-e.  Uis  theory  is  that  the  nortbero 
part  of  tbe  earth  had  a  lower  angnlar  velocity  than  the  equatorial  and 
southern  regions.  Therefore  the  land  nnls^es  in  the  southern  hemi- 
sphere were  gradually  pushed  forward  toward  the  cast.  The  line 
between  the  northern  retardetl  hemisphere  and  the  southern  swifter 
hemisphere  is  the  great  line  ol  weakness  and  fracture  that  runs  (him 
the  Oaribl>ean  along  the  Mediterranean,  down  tbe  Persian  Gulf  and 
across  Malaysia.  Prinz  has  drawn  a  map  (dg.  2)  showing  how  the 
main  geographical  lines  agree  with  his  assumed  lines  of  torsion. 
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This  anp  u  tDtensting.  for  these  primiiiT^  tunfioa  wrinkles  moat 
hare  been  fomed  in  the  suae  pmod  »s  Profcmor  Dmrvm's  pnautin 
tidal  wrinUcA.  It  is  si^ificaot  that  the  lioes  do  not  ctxitapamA.  Tba 
ditef  gec^raphieal  lines  vhieh  I>arwTn  claims  as  his  printiTe  wriakles 
M*  inexplicable  on  Prinz's  theoty.  and  the  pnat  lines  which  Prinz 
claims  to  sappoft  his  wrinkling  aie  Dpp>Med  to  those  of  Darwin.  The 
gn^raphical  primitiTe  lines  of  the  two  theories  are  oAcn  contiadictory. 

A  third  theory  assigning  the  geographical  distribotioB  to  Tety 
aocieot  causes  has  been  proposed  bj  Professor  Lapworth.  In  an 
address  to  the  gec^raphieal  section  of  the  British  AwociatMNi  in  1892, 
and  in  a  brilliant  lectore  on  '-Tbe  face  of  the  eanh."  detirered  to  tbe 
Boyal  Geographical  Society  in  18M.  Lapwonh  attriboted  the  anvoge- 
neot  of  oceans  and  coDtinentn  to  an  iDtemmsing  series  of  pnautire 
earth  fold^  The  oceans.  aeoHdiog  to  this  theorr.  ocmpy  aocimt  basias 
of  depr«ssioB :  and  the  coDiioental  masses  are  domes  of  rleTatJon. 

^Tbe  snrbce  of  the  earth  crast  at  tbe  preaeot  dar/  says  L^wonh, 
"is  most  simply  regarded  as  the  surface  of  a  continnoiis  sheet  which 
has  been  warped  ap  by  two  sets  of  oudolations  crossing  each  other  at 
right  angles  •  ■  ■  The  one  set  range:$  parallel  with  tbe  equator, 
and  the  other  ranges  firom  pc^  to  pole.~  Professw  Lapworlh  conrtends 
that  the  intersecting  of  two  simaltaueoos  ortlK^oaal  sets  of  andalatioiu 
explains  the  forms  and  dispositioos  of  the  continents,  the  triangnlar 
shapes  of  their  extremities,  tbe  diagi>Da]  trends  of  their  shiwes.  and 
the  coarse  of  the  linear  an^bipela<!oes.  In  some  interesting  diagraaw 
be  suggests  why  the  intersecting  nodal  lines  which  mark  the  diTisiotu 
between  the  areas  of  Ovation  and  of  deprei^-^ion  shoal«l  coincide  with 
the  steep  slopes  that  separate  the  ocean  di^ors  and  tbe  coatiBcntal 
Itlatforms:  and  why  tbe  exi?tio^  shore  lines  should  so  often  ran 
diagnnally  between  the  meridians  aud  panilli^ls. 

This  tlieory,  and  that  of  Sir  John  Lnbl^ix-k.  which  also  attribates  the 
MHitinental  forms  to  a  doable  iuterero<>5i;;g  series  of  folds,  have  the 
advitntage  over  tbe  astronomical  theories  of  more  detailed  agreement 
with  geographical  faet^:  but  Profes.'vr  Lapworth  has  not.  ao  fsr  as  I 
am  aware,  explained  wb.tt  caused  bis  intersectiog  folds.  His  theory  is 
acconlingly  less  complete  than  tbe  others,  as  it  is  rather  a  statement 
of  Eicis  tbdn  an  explanation  of  canoes. 

These  sn^gestive  theories  are  oj^en  to  -^ne  objeetii>n  which  seems  &tal 
to  ttieir  appHe^itioD  to  the  exisriu^  ^ei.>grapb;>..il  pUn.  VVe  sbonld 
expevt  fti>m  them  that  tbe  m.iin  ge<>^rapU:oaI  s:ru<.-tare  lines  in  the 
northern  anii  sootbem  heniis{kheres  sLoa'.d  be  ei:her  symmetrically 
arraD^'ed  wr  continuous  on  tio:h  sides  of  :Leen::a:or.  Bat  that  tbe  land 
svstems  of  the  two  bemispaervs  are  :isyma:f:r:i-.t;  is  the  most  glaring 
fact  in  geoj^rai'hy.  It  may  be  or^i  tka;  tiie  pT;:a:t:ve  Mding.  wrinkling, 
and  torsii'D  t'ormeil  a  symn>etrii-al  or  i.vu:iLu<'us  !;tt.d  system,  and  that 
the  asvmmetrio;U  amui^eu.ent  is  due  to  Uier  n:itve:/ents.  In  that  ease 
'  »Te  geo^n^paicaily  it!;ide>:uj:e.  Inv.v.ise  tlsey  ^nv*  noexpla-    • 

he  existing  ge(^ra:'b:>.-al  ^■^yai'.actry  was  devdf^ied. 
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But  tliere  is  aiiotlier  and  atill  more  serious  objection  wbicb  applies 
toall  tbree  theories.  Tbey  not  oiilyexplaia  too  little,  bat  they  explain  too 
mucb.  The  primitive  lines  of  these  systemB  often  coincide  witb  features 
of  modern  development,  and  are  inconsistent  with  tbe  old-establisbed 
geographical  arrangemeota.  For  iustance,  Professor  Darwin  quotes 
tlie  trend  of  tbe  western  coast  of  Enrope  from  Spain  to  Norway  as  in 
accurdimce  with  bis  scbeme.  Prinz  makes  tbe  primitive  line  here  run 
exactly  at  rigbtangles  to  Darwin's  line;  and  geological  evidence  favors 
Prinz.  The  coast  line  from  Spain  to  Norway  is  almost  certainly  of 
modern  date,  while  the  lines  of  wrinkling,  both  fiercyntau  and  Alpine, 
nin  transversely  to  the  direction  whiuh  they  oagbt  to  have  followed  if 
due  to  tidal  strain.  Moreover,  Professor  Darwin  (inotes  tbe  weslem 
coast  of  North  America  as  inconsistent  with  his  theory;  bntthati^oast 
is  parallel  to  a  line  of  primitive  wrinkling,  tor  there  is  an  Arcbeau  pro- 
taxis  to  the  coast  ranges  and  Uocky  Mountains. 

Prinz's  torsion  wrinkles  are  no  better.  The  most  striking  case  of 
apparent  agreement  between  his  theory  and  geography  is  the  trend  of 
tbe  Andes  and  Rocky  Mountains.  Professor  Lapwortb  also  lays  stress 
on  "the  great  Bocky  Mountain -Andes  fold  •  •  •  tbe  longest  and 
most  coutinnous  crust-fold  of  the  present  day."'  The  agreement  was 
ini|>ort)iut  so  long  as  tbe  Rocky  Mountains  and  tbe  Andes  were  reganled 
us  a  single  moautain  system,  connected  into  a  continuous  line  by  a 
monntaiii  axis  running  nortlt  and  sonth  across  Oentral  America.  But 
that  axial  mountain  chain  in  Central  America  is  a  myth.  Central 
America  is  traversed  by  a  series  of  ridgen  which  ran  east  and  west, 
and  not  north  and  south.'  Tbe  watershed,  it  is  true,  runs  along  tbe 
Pacific  bonier,  but  that  is  dae  to  a  movement  later  than  the  mountain 
ridges  wbicb  are  thus  truncated.  Tbe  continuation  of  tbe  Andes  is  in 
themountainsof  Venezuela,  not  in  North  America  or  tbe  Sierra  Nevada. 
The  Andes  and  the  mountain  system  of  tbe  Western  States  of  America 
are  essentially  distinct;  they  difi'er  in  every  important  respect,  geolo- 
gical structure,  geographical  characters,  and  dates  of  formation.  Any 
theory  which  assigns  the  Andes  and  the  great  monntaiu  series  on 
the  western  -coast  of  North  America  to  a  common  origin  is  thereby 
prejudiced,  instead  of  being  supported. 

These  three  theories  assign  the  earth  plan  to  a  venerable  antiquity; 
but  there  is  a  fourth  theory,  which  carries  it  back  to  an  antiquity  even 
more  venerable.  Lord  Kelvin  attributes  the  oceanic  and  continental 
areas  to  a  chemical  segregation  in  tbe  gaseoas  nebula  which  was  the 
parent  of  the  earth.     According  to  this  theory  "  Europe,  Asia,  Africa, 

'The  term  "Rookj  MoaiitalDs"  ia  here  appareDtly  used  for  the  Sierra  Nevada  and 
Coaat  Kauge  series  of  Itritish  Caltimbia.  The  true  Bock;  Mountains  are  at  a  great 
dtstaiioe  (rangiug  up  to  1,000  milea)  from  the  Piuiific  coaet,  the  trend  of  vrbioh  the; 
donotiletermiue. 

'E.  g.  the  Sierra  Caoilel»,  Cordillera  de  Duta,  Sierra  Chiriqni,  Sierra  Veragaa, 
Cordillera  de  Sun  Itlas,  etc. 
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AMeriea.  Austnlia.  GreenUod,  sod  di«  Antarctic  eoDtioeot,  and  the 
Pacific,  Atlautic.  ludiao.  and  Arctic  ocno  d«ptliK.  as  ve  kaow  them  at 
lireMOt,''  were  all  niarked  oat  id  the  pnateval  gaaeoas  nebala.  These 
;m««oaB  eoutiDeiits  wMideused  to  iiqaid  coDtiitents.  narked  off  from  the 
sabooeaDie  Mnaa  by  cbemical  diffweoces:  and  these  liquid  contineots 
were  fixed  as  tbe  s>>]i<t  coDtJneobv.  bcigfatmed  by  sboaliog  as  the  molten 
globe  and  its  last  lara  oee*n  ivlidified. 

That  theory  ai'pear^  probable  with  one  ntbal  aatendmeat — the  sab- 
stimtioo  of  thet»Tn  **archa«n  bluets "  for  oontinents.     That  theae 


arcbicau  blocks — tlie  earth's  grvM  corner  stones — were  embryouieally 
outlined  by  cLemica)  sefn^gations  in  the  molten  or  gaseous  stages  of 
the  earth  seems  probable.  But  these  archieaD  corner  stones,  though 
the  foundations  of  the  continents,  i»re  not  the  contiuents.  Lord  Kel- 
vin's tlieory  suggest'*  no  explanation  why  chemical  segregations  should 
have  assumed  the  shapes  of  the  ooutineDts,  so  that  his  explanation 
rests  on  an  uuesplained  cause:  and  even  if  his  theory  be  amended  by 
application  to  tbe  arebii-;m  blocks  instead  of  to  the  continents,  the 
theory  is  geographically  insufficient,  as  it  does  not  show  the  relation 
between  thu  arehiean  blocks  and  the  existing  coDtineuts. 
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THE  PEBMANENOE  OF  CONTINENTS. 

That  Lonl  Kelvin'a  nebuloas  segregations,  Profeesor  Darwin'a  primi- 
tive wrinkling,  Sir  John  Lubbock  and  Professor  Lnpworth's  donble 
folds  are  all  trne  causes  seems  probable.  What  is  doubtful  is  whether 
any  esteDsive  traceof  their  luDneiice  can  be  discerned  in  tbe  present  drs- 
tribatiOQ  of  land  and  water.  A  iriap  of  the  world  in  early  Oambriaa 
times  might  show  the  influence  of  these  pregeological  incidents;  but 
their  geographical  effects  seem  to  have  been  obliterated  by  the  changes 
of  geological  limes. 

Kefereace  to  Buch  changes  reminds  ds  that  we  can  not  iissume  their 
ocoarrence  without  considering  the  unending  controTerc>y  as  to  the 
supposed  permanence  of  oceaua  and  continents. 

There  are,  it  must  be  conceded,  many  weighty  arguments  in  favor  of 
the  permanence  hypothesis.  Many  of  the  last  great  mountain  foldings 
follow  the  lines  of  much  older  movements;  and  if  the  mountain  axes, 
tbe  "  backbones  of  the  continents,"  have  occupie<l  the  same  positions, 
why  not  also  tbe  continents  molded  upon  themf  Again,  some  of  the 
great  mountain  chains,  such  as  the  Andes,  ran  parallel  to  the  nearest 
shore  line,  as  if  the  movements  that  formed  them  had  been  deflected 
by  the  ocean  basin. 

The  character  of  the  ocean  floors,  moreover,  suggests  that  they  have 
never  been  continental,  as  they  are  at  present  covered  by  deposits  not 
known  in  the  interior  of  the  continents,  and  as  they  are  supported  by 
material  mncb  heavier  than  that  which  forms  the  foundations  of  the 
continents. 

These  arguments,  however,  are  not  conclusive.  Oreat  earth  move- 
ments of  one  date  often  cut  obliquely  and  transversely  across  those  of 
earlier  periods.  Thus  the  old  northwesterly  and  sontheasterly  move- 
ments of  France  and  Spain  have  been  cut  across  by  the  east  and  west- 
ern movements  of  tbe  Pyrenean- Alpine  system.  Mountain  axes  have 
not  always  been  deflected  by  or  limited  by  existing  ocean  basins.  Thus 
the  north  Atlantic  basin  cuts  directly  across  the  old  Hercyiiian  moun- 
tain chains,  which  may  at  one  time  have  extended  across  Ihe  whole 
Atlantic  channel.  This  is  rendered  probable  by  three  lines  of  evidence. 
Thus  in  northwestern  France,  and  in  the  south  of  the  British  Isles,  there 
is  a  series  of  ranges  trending  north  of  west  which  is  cut  oK  abruptly 
by  tbe  Atlantic  slope.  On  tbe  opposite  shore  of  the  Atlantic  in  New- 
foundland there  is  a  similar  series  of  truncated  ranges  formed  at  the 
same  age  as  those  of  western  Europe,  and  having  the  naiiie  trend. 
Bertrand  maintains  (1887)  that  the  resemblance  between  the  opposite 
mountain  series  is  so  striking  that  they  should  be  regarded  as  parts  of 
one  mountain  system,  of  which  the  central  part  has  been  sunk  below 
the  Atlantic.  The  well-known  teleg'aph  plateau  on  which  tbe  cables 
rest  may  mark  the  site  of  this  sunken  land.  Paheontological  evidence 
also  supiK>rts  the  formation  of  the  Atlantic  by  subsidence;  for  a  shal- 
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low  water,  aabtropical,  marine  fmina  rouged  th)iD  tbe  Mediterranean 
to  the  Caribbean,  and.  eao  only  have  crossed  along  a  belt  of  shallow 
water  io  tropical  or  subtropical  latitudes.  Direct  evidence  of  tlie 
existence  of  sballov  water,  contineotal  deposits  of  the  age  required  is 
given  by  the  Azores,  which,  allhoQgh  uow  separated  from  Earope  by 
a  deep  depression,  contain  shallow  water  deposits  with  fossils  of  the 
Mediterranean  fauna. 

Thus  there  ia  strong  evidence  to  show  that  the  Atlantic,  in  it« 
present  form,  is  of  no  great  geological  antiquity,  and  Sness's  theory  of 
its  origin  continually  gains  stronger  support.  Similar,  though  less 
complete,  evidence  shows  that  tbe  other  ocean  basins  faave  been  broken 
up  along  certain  lines,  and  emphatically  denies  their  entire  permaneuce 
througbout  geological  times. 

^LIE  DE  BEAUMONT'S  "  PENTAGONAL  BESEAU." 

Hence,  if  the  ocean  basins  were  not  formed  pregeologically,  but 
have  grown  from  the  irhanges  that  have  occurred  duriug  the  long  ages 
of  geological  time,  then  we  must  seek  for  a  cause  that  bas  acted  con- 
tinuously and  is  acting  to-day.  A  more  permanent  cause  is  supplied 
by  the  contraction  of  the  earth's  crust,  at>  the  globe  gradually  cools. 
Since  the  cold,  hard  crust  ia  leas  plastic  than  the  hotter  interior,  it  ia 
necessarily  crumpled  as  it  is  forced  into  a  smaller  space. 

This  idea  is  well  known,  as  it  bas  been  invoked  by  geologists  to 
explain  tbe  foimation  of  folded  mountain  chains.  That  the  mountain 
aystems  of  the  world  were  formed  by  this  agency'is  improbable;  but  it 
is  perhaps  still  too  much  to  say  that  it  is  impossible.  For  Prof.  G.  H. 
Darwin  has  suggested  that  the  contractility  of  the  rocky  crust  has 
been  exaggerated,  and  it  has  been  shown  that  Beade's  level  of  no  strain 
may  lie  much  deepei  than  was  at  first  thought. 

That  secular  contraction  ia  the  direct  cause  of  the  great  fold-moun- 
tain syatema  ia  however  leaa  widely  believed  by  geologists  than  it  once 
was;  but  it  may  have  an  important  infiueuce  in  determining  their 
direction.  The  trend  of  the  great  chains  of  fold  mountains  is  to  us  a 
signilicant  question,  because  there  is  much  truth  in  the  phrase,  pro- 
verbial since  its  use  in  1682  by  Burnet  in  bis  "  Theory  of  the  earth," 
which  describea  the  mountain  chains  as  the  "  backbones  of  tbe  conti- 
nents." The  first  geological  attempt  to  explain  the  plan  of  the  earth 
waa  based  on  this  belief.  The  author  of  this  system  was  the  French 
geologist  filio  do  Beaumont,  whoso  theory  of  geomorpfaogeny  was  stated 
at  length  in  hia ''  Notice  snr  les  systemes  de  montagnes  "  (3  vols.,  Paris, 
1852).  This  famous  theory  was  based  on  a  correlation  of  the  mountain 
chains  by  means  of  their  orientation.  Cllie  de  Beaumont  accepts  the 
view  that  the  earth  couaists  of  a  thin  rigid  crust  surrounding  a  fluid, 
solidifying  interior.  The  crust  being  thin,  it  necessarily  coltapaes  as 
the  internal  mass  contracts.  He  assumes  that  these  collapses  occur  at 
intervals  of  time,  and  that  at  these  collapaea  the  cruat  is  broken  along 


THE  PLAN  OP  THE  EARTH  AND  ITS  CAUSES.       373 

lines  of  weakness,  whirh  are  crampled  up  into  monntain  chains.  He 
assanies  tbat  for  practical  purtwses  tbe  earth's  crust  may  be  taken  as 
bouiogeueuus ;  hence  that  the  fractures  of  the  crust  would  lie  regularly 
disiributcf],  and  those  af  sm-cessive  periods  would  cross  one  aitother 
along  the  lines  of  a  regular  symmetrical  network. 

Among  the  regular  simple  geometrical  forms  that  known  as  Ihe 
pentagonal  dodecahedron,  which  is  inclosed  by  twelve  eijual  reguliir 
pentagons,  possesses  an  escei>tionable  degree  of  bilateral  symmetry, 
i.  e.,  it  can  be  cut  into  exactly  similar  halves  in  an  unusually  large 
number  of  directions.  Sections  along  any  of  the  edges  ol  any  of  the 
pentagons  and  through  the  center  of  the  pentagonal  dodecabedrou 
divide  it  into  equal  and  similar  halves.  So,  also,  do  sections  fiom  the 
center  of  the  pentagons  to  any  of  the  angles,  and  likewise  sections 
across  the  pentagons  from  alternate  angles.  Each  fa4-e  of  a  pentagonal 
dodecahedron  may  therefore  be  divided  by  fifteen  planes  of  symmetry. 

A  sphere  may  be  described  upon  the  pentugonal  dodecahedron,  so 
that  all  the  corners  (or,  to  use  the  correct  term,  solid  angles)  occur  in 
the  surface  of  the  sphere.  By  joining  the  corners  by  lines  the  sphere 
is  marked  off  into  twelve  spherical  |>entagonB,  which  possess  the  same 
amount  of  symmetry  as  tbe  plane  pentagons.  The  lines  where  these 
planes  of  symmetry  cut  the  snrloce  of  the  sphere  form  a  netwoik  of 
spherical  triangles.  Such  a  network  £lie  de  Beaumont  called  his 
pentagonal  network,  and  be  used  it  in  the  following  way:  lie  studied 
the  nionotain  ranges  of  the  world,  aud  by  elaborate  calculations  showed 
their  relative  directions  at  a  few  localities  which  be  chose  as  centers  of 
comparison.  He  found  that  many  monntain  ranges  have  the  same 
orientatiou  and  that  others  cross  the  first  set  at  definite  regular  angles. 
The  directions  of  the  different  sets  of  mountain  ranges  coincide  with 
the  lines  of  his  pentagonal  network.  £lie  de  Beanmont  claimed  that 
the  mountains  whose  directions  are  parallel'  were  formed  at  the  same 
date.  Successive  moantaiii-forming  movements  raised  chains  parallel 
to  different  edges  of  the  network,  and  thus  tbe  iuter«ecting  monntain 
lines  of  the  world,  and  consetiaently  the  forms  of  the  continents,  were 
determined. 

I^lie  de  Beaumont  had  no  diificulty  in  pointing  out  striking  coinci- 
dences between  important  geographical  lines  and  his  pentagonal  net- 
work. Thus  the  Mediterranean  volcanic  axis,  passing  through  the 
Grecian  archipelago,  Etna,  and  Teneriffe,  is  parallel  to  the  Alpine 
chain  and  at  right  angles  to  the  circle  through  Ktna,  Vesuvius,  Ice- 
land, and  the  Sandwich  Isles.  He  was  able  to  show  a  close  geometrical 
relationship  between  those  lines  and  the  line  of  the  Andes,  with  the 
pentagon  that  covers  Europe.  That  the  earth  is  traversed  by  great 
intersecting  lines  is  undeniable.  E,  g.,  Danbree  showed  that  the  valley 
system  of  northern  France  follows  a  line  of  rectangular  f^^ctures,  wliich 

'  For  explunation  aadjQstiScatioD  of  this  nseof  tfae  word  "  parallel,"  xeu  MopkiuB, 
''  I'rSBid.  Address,  Qeol.  ISoc.,"  Quftrt.  Jour.  Geol,  Sac,  Vol.  IX,  p.  ixix. 
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he  calle<l  diaclases.  Tbe  directions  of  the  Greealand  fiords  is  deter- 
mined by  a  similar  aeries  of  iutcrsectingdiaclastic  fractures.  BertraDd 
haa  shown  that  the  movetuents  in  ttie  Paris  Basin,  the  North  Sea,  and 
English  Channel  have  followed  a  doable  set  of  orthogonal  intersecting 
lines. 

But  that  the  fracture  lines  or  lines  of  weakness  in  the  earth's  crast 
should  intersect  more  or  less  rectangularly  is  natural  on  any  theory 
of  their  formation.  Ami  such  coinci- 
deuces  as  tliose  |>oiiited  out  by  £lte  de 
Beaumont  in  supjiort  of  his  system  are 
inevitable  in  so  crumpled  a  globe  as 
ours,  but  they  are  not  sufficiently  nu- 
merous to  be  convincing,  esi>ecia]Iy  in 
face  of  the  fandamental  differences  be- 
tweeu  the  facts  of  geography  and  Glie 
de  Beaumont's  elaborate  artificial  sys- 
tem. His  theory  could  only  be  applied 
to  a  symmetric:!)  world;'  in  a  dodeca- 
hedron the  opposite  faces  are  always 
similar  and  parallel;  in  die  de  Beaa- 
mout's  network  the  antipodal  areas  are 
always  similar.  But,  as  we  have  seen, 
the  fundamental  fact  in  the  plan  of  the 
vorld  is  that  opposite  areas  are  dis- 
similar. In  crystal lographic  language, 
the  lithospbere  is  hemihedral,  not  holo- 
hedral,  and  no  scheme  baaed  on  a  holo- 
he<lral  form  will  serve.  It  is  the  rec- 
ognition of  this  principle  that  led  to 
the  next  great  advance. 

THE  TETRAHEDBAI,  THEORY. 

[^lie  de  Beaumont's  scheme  is  now 
mainly  of  historic  interest,  though  Lef- 
""^  ort's  recent  map  of  theNivernais  shows 
that  it  is  still  used  as  a  working  hypoth- 
esis by  some  French  geologists.  But 
tilie  de  Beaumont's  theory  marked  an 
epoch  in  this  subject,  for  it  led  to  the 
system  of  Mr.  Lnwthian  Green,  which  far  better  meets  the  requirements 
of  the  case. 

This  system  was  founded  in  1875,  by  Mr.  Lowthian  Green,  in  a  work 
'which  was  neglected  or  ridiculed  at  the  time  of  its  appearance.    Like 

'  This  objection  applien  alflo  to  varioua  later  modiflcatioDS  of  Cite  de  Beaamonfa 
principle,  snch  aa  those  of  Owen,  or  to  the  more  than  local  acoeplonce  of  tbe 
diaclMea  of  Danhri^e  or  orthogoua)  croaa  folds  of  Bertrand. 
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his  predecessor,  Greeu  asautues  that  the  earth  U  a  spheroid  based  on  a 
regalar  geometrical  figure.  He  adopted  as  his  base  tbe  appareatly 
bopelessly  uosnitablo  figure  of  the  tetrahedrou,  vbicb  is  ooiitaiued 
within  four  equal  similar  triangles.  This  form,  with  its  tour  faces,  six 
sharp  edges,  and  four  solid  corners,  does  not  conform  to  the  ordinary 
conception  of  the  figure  of  tbe  globe.  Any  comparison  between  them 
loolis  ridiculous.  But  if  we  place  a  three-sided  pyramid  ou  each  side 
of  the  tetrahedron,  its  proportions  are  nearer  those  of  a  globe;  and  if 
these  i>yramids  had  elastic  sides,  so  that  tbey  could  be  blown  out  and 
tbe  faces  thus  made  cnrved,  then  the  tetrahedrou  would  become  sphe- 
roidal and  eren  spherical.    Conversely,  if  a  hollow  sphere  be  gradually 


exhausted  of  air,  tbe  external  pressure  may  force  in  the  shell  at  four 
mutoally  equidistant  iwints,  and,  by  tbe  fiatteningof  tjiese  four  faces, 
make  it  tend  toward  atetrahedral  form.  Now  thetetrabedral  theory  does 
not  regard  the  world  as  a  regular  tetrahedron  with  four  plane  faces.  It 
considers  that  the  lithosphere  has  been  subjected  to  a  slight  tetrabe- 
drat  deformation,  to  an  extent  indeed  only  faintly,  if  at  all,  indicated 
by  geodetic  measurements,  but  yet  easily  recognizable  owing  to  its 
ioflnence  on  the  distribution  of  laud  and  water.  As  the  centers  of  the 
flattened  faces  are  nearer  tbe  earth's  center  of  mass  than  tbe  edges,  the 
water  will  collect  upon  tbem.  The  ratio  of  the  area  of  land  to  that  of 
water  on  tbe  globe  is  as  ^  to5.  If  on  a  model  of  a  tetrahedron  we  color 
the  flve-sevenths  of  the  surface  that  is  nearest  tbe  center,  the  colored 
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areas  voald  show  wliere  the  water  would  collect  if  the  earth  ^Fcre  a 
stationary  tetrabedrou.  Ou  tbe  upper  face  there  is  a  large  central  col- 
ored area  in  the  position  of  the  Arctic  Oceao.  It  is  sarroanded  by  a 
land  belt,  from  which  three  projections  run  southward  dowu  tlie  tbree 
lateral  edges.  These  three  land  areas  taper  southward  to  a  potot, 
below  which  is  a  complete  belt  of  sea.  Booth  of  that,  agaiu  is  oar 
fourth  projecting  curner,  which  is  above  the  water  level,  and  is  the 
Antarctic  Continent.  So  that  on  the  model  the  general  plan  of  tbe 
iirrangement  of  land  and  water  is  identical  with  its  actual  distribation 
on  the  globe.  For  the  land  occurs  as  tbree  triangular  equidistant  con- 
tinents, united  above  into  a  ring  and  tapering  southward;  there  is  a 
great  excess  of  water  in  the  Southern  and  of  land  in  the  Hortbem 
Hemisphere;  and  land  nnd  water  are  antipodal,  Knee  tn  a  tetrahedron 
a  corner  is  always  opjwsite  a  Hat  face. 

But  of  course  in  the  earth  the  faces  are  not  flat,  but  are  convex.  If 
the  list  fa^-es  be  replaced  by  projecting  pyramids  with  curved  fac^  so 
that  tbe  form  is  globular,  the  arrangement  of  Inud  and  water  remains 
the  same,  but  tbe  shore  lines  are  more  complex.  Green  has  shown 
what  the  sha]>es  of  the  land  and  water  areas  would  be  iu  such  a  tetra- 
hedron. The  resemblance  between  bis  diagrammatic  continent  and 
Aftioa  and  South  America,  and  between  his  ocean  and  either  the 
Pacific,  Indian  Ocean,  and  South  Atlantic,  is  very  t^triking. 

TUB  TETRAHEDEAL  COUHSE  OF   UEOORAPHICAL  LIHEB. 

The  agreement  between  the  facts  of  geography  and  the  letrabedral 
theory  goes  further.  The  four  faces  of  a  tetrahedron  meet  along  six 
edges,  which  should  be  lines  of  elevation  ou  a  globe.  The  trace  of  the 
edges  of  a  tetrahedron  on  a  surrounding  sphere  form  a  circle  in  the 
Northern  Hemisphere,  and  tbree  vertical  or  meridional  edges  meeting  at 
tbe  South  Pole.  In  the  earth  the  mi^jor  watersheds  have  exactly  tbis 
arrrangeinent.  The  great  watershed  of  Eurasia,  dividing  the  northern 
and  southern  drHina^'es,  runs,  not  along  the  main  mountain  axis,  bnt 
far  to  the  north  of  it,  between  the  [taraliels  of  50°  and  60°.  The 
northern  and  southern  slopes  of  North  America  are  separated  by  a 
divde  along  tbe  same  latitude.  The  southern  watersheds,  instead  of 
following  the  lines  of  highest  mountains,  or  the  middle  line  of  the 
continents,  nui'close  to  the  coast  lines;  the  1  hree  watersheds  mark 
the  three  vertical  tetrahedral  eilges,  and  they  occur  at  almost  the  the- 
oretical distances,  12U^  a|iart. 

Similarly  with  the  mountain  chains.  As  Sir  John  Lubbock  has 
pointed  out, '^Jn  the  Northern  Hemisphere  we  have  chains  of  mountaina 
running  east  and  west — the  Pyrenees,  Alps,  Csr|)athians,  Himalayas, 
etc. — while  in  the  Southern  Hemisphere  the  great  chains  run  north  and 
south— the  Andes,  the  African  ridge,  and  the  grand  boss  which  forms 
Australia  and  Tnsmaniit."  That  is  to  .s)iy,  the  northern  mountains  are 
])arallel  to  the  upper  edges  and  the  snul  hern  monntains  parallel  to  the 
meridional  edges  of  the  tetrahedron. 
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THE  OAUSU  UF  THE  TETRAHBDBAL  PLAN. 

The  Btatement  that  tbe  elevations  of  the  lithosphere  are  tetrabedral 
ill  arraugemeiit  is  not  a  hyiwtheBia,  bnC  a  simple  statement  of  geo- 
graphical fact.  1b  the  fact  a  mere  coinctdencet  On  the  contrary,  there 
are  good  reasons  why  tbe  earth  shonld  iicquire  such  a  tetrahedroJd 
symmetry.  When  the  earth  solidified  it  would  (neglecting  the  influ- 
ence of  rotation)  have  contracted  into  a  spherical  shape.  It  would  have 
tended  to  acquire  this  form  because  tbe  sphere  is  the  body  which 
incloset*  tbe  greatest  volume  for  a  given  surface,  but  as  tbe  earth 
contracts  it  tends  to  acquire  a  shape  in  which  there  is  a  greater  surface 
in  proportion  to  its  bulk.    Kow,  among  the  regular  geometrical  figures 


with  approximately  equal  axes  the  tetrahedron  is  that  which  contains 
tbe  smallest  volume  for  a  given  surface.  Hence  every  hiird-sbellcd 
hoily  which  is  diminishing  in  sixe,  owing  to  internal  contraction,  is  con- 
stantly tending  to  become  tctrabedial  in  form.  Fairbani's  experiments 
{iiuoted  by  Green)  illustrate  tliis  tetrahedral  collapse  for  short  tubes; 
and  that  it  Is  considered  probable  by  some  geodists  is  shown  hy  tbe 
following  qaotation  from  E.  1).  Preston: 

"  Nothing  is  more  in  accordance  with  the  action  of  physical  laws  than 
that  the  earth  is  contracting  in  approximately  a  tetrahedral  form. 
Given  a  collapsing  honiogeneons  spherical  envelope,  it  will  assume  that 
regular  shape  which  most  readily  disposes  of  the  excess  of  its  surfitce 
dimensions,  or,  in  other  words,  the  shajte  that  most  easily  relieves  the 
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taD{:ential  strains;  fiar,  wUle  the  8|diere  is  of  all  geonetrlcsl  bodies  the 
one  witli  a  minimiiiD  surface  for  a  givea  capacity,  tlie  tetrahedron  giva 
a  maximam  sorface  for  the  same  coDdition.  Bxperiiuents  on  iron 
tabes,  on  gas  babbles  rising  in  water,  and  on  robber  ballooua  all  tend 
to  beur  oot  the  assntnption  that  a  homogeneous  sphere  tends  to  contract 
into  a  tetrahedron." 

THB  EARTH   A  GBOID. 

But  it  may  be  said  this  tetrahedral  theory  is  impossible,  because  we 
know  &om  oar  elementary  text-books  that  the  earth  is  not  tetrahedral, 
but  is  an  oblate-spheroid — that  is  to  say,  a  sphere  slightly  flattened  at 
tbe  poles. 

The  oblate  spheriod  is  no  doubt  the  form  that  rotation  woald  have 
caused  the  earth  to  assume  as  it  solidified  if  the  earth  were  quite 
homogeneous.  Bnt  the  earth  is  not  homogeneous ;  it  varies  in  strengtli 
and  density,  and  an  unequal  load  on  the  earth  in  any  area  leads 
to  sdirergenoe  therefrom  the  circular  shape.  It  is,  I  believe,  now 
universally  admitted  that  the  earth  is  flattened  laterally  at  the  equator 
as  well  as  at  the  i>oles.  The  question  was  long  disputed  between  the 
astronomers,  who,  from  theoretical  cousiderations,  declared  what  tiie 
shape  of  the  world  ought  to  be,  and  the  geographers,  whose  measore- 
monts  showed  what  the  shape  actually  was.  There  is  now  a  general 
agreement  that  the  geographers  were  right;  that  the  equatorial  section 
of  the  earth  is  elliptical,  similar  to  a  section  throngh  the  earth  passing 
across  the  iMles.  The  earth  is  therefore  not  a  trae  spberiod,  and  it 
was  accordingly  regarded  as  an  ellipsoid  with  three  unequal  axes. 
Bat  there  is  good  reason  to  believe  that  the  earth  is  not  even  au 
ellipsoid,  for  the  Northern  and  Southern  hemispheres  arc  anlike,  and  the 
earth  is  therefore  shaped  tike  a  peg  top.  Tins  is  shown  iu  two  ways. 
It  is  a  well-known  property  of  the  ellipse  that  degrees  measnred  along 
the  flatter  side  are  longer  than  degrees  measured  near  the  sharper  end. 
It  was  by  proving  that  a  degree  of  latitude  in  Lapland  is  longer  than  a 
degree  of  latitude  i  ii  li^cnador  that  the  French  astronomers  in  the  seven-  . 
teenth  century  definitely  proved  the  earth's  flattening  at  the  poles.  In 
continuation  of  these  observations  La  Caille,  in  1751,  measured  the 
length  of  a  degree  at  the  Cape  of  Good  Hope.  His  measarements 
showed  that  the  Southern  Hemisphere  was  also  flattened,  but  to  a 
ditl'erent  extent  than  the  Northern  Hemisphere.  This  anomalous  result 
of  La  Gaille's  was  couliriDed  and  extended  by  Maclear. 

The  inei^uality  of  the  two  hemispheres  has  also  been  shown  by  the 
variations  of  gravity  iu  the  two  hemispheres,  which,  as  it  is  more 
easily  tested,  has  been  more  widely  applied.  The  principle  is  simple. 
A  pendulum  swings  more  rapidly  the  nearer  it  is  brought  to  the  center 
of  the  earth.  A  peadelum  swings  moi'e  stowly  on  a  mountain  top  than 
at  sea  level.  It  was  because  Richer,  in  107^,  found  that  a  clock  which 
kept  correct  time  in  Paris  lost  two  minutes  a  day  inI''renchGaianathat 
the  polar  ilitttening  was  first  snspeeted.  So  m.iuy  observations  have 
been  mailn  that  maps  have  been  compiled  showing  the  variation  of  the 
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force  of  gravity  tbrongliout  the  globe.  Figure  6  ia  a  copy  of  Stein- 
hauser'H  map,  in  which  the  variation  of  gravity  is  illustrated  by  showing 
bow  many  millimeters  nave  to  be  added  to  the  length  of  a  pendulum 
which  beats  seconds  at  the  equator  to  make  it  vibrate  at  the  same 
rate  elsewhere.  In  both  Northern  and  Southern  hemis])heres  the 
second  beating  peudnluin  has  to  be  steadily  lengthened  as  we  approach 
the  poles,  but  the  deviation  is  at  a  different  rate  for  the  two  hemi- 
spheres. The  surface  of  the  Southern  Hemisphere  does  not  approach 
the  earth's  center  of  mass  at  the  same  rate  as  the  Iforthern  Hemisphere. 
If  the  earth's  ceiit«r  of  mass  is  at  its  geometrical  center,  then  the 
earth's  form  is  elongated  southward  like  a  peg  top.  It  is  often  held 
that  the  earth's  center  of  mass  is  to  the  south  of  its  center  of  form, 
because  of -the  accnmalation  of  water  in  the  Southern  Hemisphere.  It 
is  held  that  the  water  is  piled  np  there  owing  to  the  greater  density 
of  the  Southern  Hemisphere.  If  that  be  the  case,  then  the  peg-top 
elongation  is  all  the  greater. 

Moreover,  there  is  evidence  to  show  that  the  earth's  figure  is  stilt 
more  irregular  than  that  of  a  peg  top.*  Sir  John  Herschel,  although 
taking  the  astronomical  sidein  the  controversy,  aptly  stated  the  facts  in 
the  statement  that  "the  earth  is  earth-shaped."  Listing's  name  of 
geoid,  which  expresses  this  view,  has  now  supplanted  the  old  oblate 
spheroid  from  everything  except  the  text-books.  That  there  are  local 
deformations  in  the  earth's  shajw  is  demonstrated  by  the  difTerences 
between  the  astronomical  and  trigonometrical  determination  of  posi- 
tions. I'lacet!  have  two  different  longitudes,  the  astronomical  longitude 
obtained  by  astronomical  observations,  and  geodetic  longitudes  deter- 
mined by  terrestial  nieasnrements ;  the  dlflerencea  are  often  consider- 
able. It  was  calculated,  e.  g.,  that  the  trigonometrical  and  astronomical 
determination  of  the  stations  used  in  the  delimitation  of  the  Canadian 
and  United  States  frontier  should  have  agreed  within  40  feet,  or  0,4  of  a 
second  of  arc;  but  the  average  error  was  more  than  five  times  as  great, 
and  ran  up  to  eighteen  times  as  much  as  it  should  have  been. 

Astronomical  determinations,  moreover,  are  oft«n  not  only  ineon. 
siatent  with  geographical  measurements,  but  they  are  often  inconsistent 
with  themselves.  For  example,  one  of  the  most  refined  estimations 
of  longitude  that  has  yet  been  attempted,  is  the  series  undertaken 
by  the  "  K.  K.  topographische  militiir  Institut"  of  Vienna.  To  insure 
nccuracy  during  these  observations  the  most  elaborate  precautions 
were  taken.  Corrections  were  even  made  for  the  effect  of  the  doses  of 
quinine  whijh  the  astronomers  took  when  working  in  malarial  climates. 
In  one  of  the  serieaof  observations  the  difi'erence  in  longitude  between 
Vienna  and  Milan  wns  determined  first  directly,  and  then  by  determin- 
ing the  dift'erenee  between  Vienna  and  Brescia  and  that  between 
Brescia  and  Milan.  But  in  spite  of  all  the  care  the  results  did  not 
tally.    The  sum  of  the  two  differences  was  not  the  same  as  the  single 

'  As  Proressor  Damia  BiiggeHts,  potuto -shaped  would  be  a  more  i:orrect  •Imlle. 
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<lill'erenc«.    Tbe  whole,  in  fact,  in  this  case  was  less  than  tl>«  so^  o^ie 
parte. 

To  aetroDomers  it  may  seem  an  nnneiteBsary  waste  of  time  to  deToCe 
80  much  to  jiroring  these  deformations  ftvtn  the  "  Bphennd  of  r«fereiKe.~ 
But  as  tbe  idea  is  lees  familiar  to  {(eograpbers  and  geolosists,  tht 
insistence  of  this  deformation  may  not  be  oseless.  It  m^y  be  worth 
while  adding  a  quotation  from  Prof.  (3.  A.  Toung,'  to  stiow  that  the 
spheroid  of  reference  is  only  a  convenient  assumption.  ^  On  tbe  wlwle.' 
eayn  Professor  Young,  "astronomers  are  disposed  to  take  the  ground 
that  since  no  regular  geometrical  solid  whatsoever  can  absolutely  rvpre- 
sent  the  form  of  the  earth,  we  may  as  well  assume  a  regular  spberoid 
for  the  standard  surface,  and  consider  all  variations  from  it  as  loal 
phenomena,  like  hills  and  valleys." 

As  deviations  from  the  assumed  spheroid  of  reference  exist,  itremaina 
to  inquire  whether  there  is  any  evidence  that  they  agree  in  positkm 
and  arrangement  with  the  theory  of  the  tetrahedral  deformation  of 
the  litliosphere. 

Thuevidencealrendyqnotedof  the  dissimilarity  between  the  nortbern 
and  southern  hemispheres  and  the  elongation  of  the  latter,  is  geodetic 
proof  of  the  northern  fattening  and  the  antarctic  projection,  i.  e.,  of 
one  fnce  and  one  tetrahedral  corner. 

The  three  flattened  lateral  faces  and  three  projecting  vertical  edges 
are  snfflcieutly  demonstrated  by  the  three  great  oceans  and  tbe  land- 
lines  that  divide  tbem.  Practically,  all  the  theories  agree  upon  that 
point.  It  is  well  known  that  gravity  is  greater  than  was  expected  at 
most  otteaiiic  islands.  Lallemand  and  de  Lapparent  have  suggested 
that  this  is  dne  to  those  islands  being  below  the  level  of  tbe  ordinarily 
accepted  figure  of  the  earth,  and  therefore  nearer  the  earth's  center  of 
gravity."  X'islu-r  hns  snggesteil  that  the  Pacific  Ocean  is  the  hollow 
left  by  the  loss  of  the  material  which  forms  the  moon.  Faye  has 
explained  the  oceiiii  basins  and  the  greater  density  of  the  crnst  below 
them  as  dne  to  more  rapid  refrigeration  below  the  cold  oceanic  abysses. 
Atrconling,  therefore,  to  Faye,  the  rocks  below  the  oceans  contracted 
more  than  those  below  tbe  continents,  became  denser,  and  accordingly 
sank. 

Tlius  from  all  points  of  view  the  three  oceans  represeut  areas  of 
depression,  and  the  three  land  lines  of  South  America,  Africa,  and 
Australasia  mark  Intervening  projections.  The  oceans  mark  the  low 
areasin  the  litbosphere  as  obviously  as  the  bubble  of  a  spirit  level 
marks  its  liigher  end ;  and  they  give,  therefore,  evidence  of  tbe  triau- 
gular  lateral  liatteuing  of  tlie  southern  half  of  the  globe. 

But  as,  on  the  mathematical  figure  of  the  earth,  such  lateral  flatten- 

'C.  A,  Young,  licneral  Astronomy,  p.  101,     1889. 

•Thisexiilanatiou  in  i ti ail oi|  auto,  a«  it  does  not  explain  the  deviation  of  the  pendu- 
Inm  on  conHt  liD<^  towiird  the  ocean.  The  excess  vertical  attraetioii  of  the  iilanda 
ban  been  explaiui-'d  aa  due  to  the  attraction  of  the  maaa  of  the  ialaud  and  its  I»m. 


>  Goot^lc 


THE    PLAN    OF   THE   EARTH    AND   ITS   CAUSES.  381 

ing  is  more  improbable  tbau  rariattons  along  tbe  axie  of  rotation,  let  ns 
consider  wbetber  there  is  aoy  geodetic  proof  of  tbese  flattened  faces 
and  projecting  edges. 

There  has  been  a  long  controversy  as  to  whether  Bessel's  or  Olark's 
ellipsoid  better  represents  the  figure  of  the  earth.  Clark's  figure  was 
the  later  in  date,  and  is  generally  considered  as  the  more  esact. 
Ilelmert  therefore  expresses  some  surprise  that  the  gravitational 
observations  in  central  Europe  along  the  flfty-aecond  parallel  of  north 
latitude  agree  with  Bessel's  carve  better  than  they  do  with  Clark's; 
this  is  tbe  case  all  across  tbe  area  on  which  Bessel's  own  work  was 
done.  But  as  soon  as  we  get  int«  the  Volga  Basin,  the  gravity  line 
diverges  from  Bessel's  curve  and  approa<lhes  that  of  Clark.  The 
change  comes  due  north  of  tbe  Eurafricau  meridioual  edge.  The 
anomalies  are  at  once  removed  if  we  assume  that  both  ellipsoids  are 
locally  correct;  that  Bessel's  cnrve  is  true  for  Europe,  and  Clark's 
correct  for  Asia;  and  that  the  two  merge  into  one  another  north  of  tbe 
line  of  the  Enrafrican  tetrahedral  edge. 

Un  the  tetrahedral  theory  there  ought  to  be  a  projection  north  of  this 
tetrahedral  edge.  And  gravity  determinations  show  a  great  deSciency 
in'gravity  in  western  Russia  in  an  appropriate  area  along  the  Volga 
Basin.  It  is  true  that  the  figures  have  been  queried.  There  is  a  natural 
tendency  to  query  all  facts  that  do  not  agree  with  theory,  and  the 
notes  of  interrogation  in  this  case  may  illustrate  that  tendency.  But 
on  the  view  that  there  is  an  upward  deformation  of  tbe  earth  in  this 
area,  tbe  anomalous  deficiency  in  gravity  observations  is  at  once 
explained. 

It  may  be  replied  that  the  existence  of  a  normal  gravity  attraction 
at  Moscow  negatives  the  assumption  of  a  superficial  deformation,  but 
the  relative  excess  of  attraction  there  is  possibly  due  to  tbe  outcrop  of 
Pal(eo7.oic  rocks,  of  greater  density  tbau  the  loose  sediments  of  the 
Russian  lowlands. 

Passing  from  Russia  to  the  area  in  North  America,  where  the  next 
tetrahedral  corner  should  occur,  thereisanother  area  of  deBcientgravity, 
which  may  also  be  due  to  that  area  being  a  tetrahedral  elevation.  The 
deflciency  is  explained  by  the  assumption  of  vast  subterranean  blocks 
of  very  light  material.  But  that  explanation  is  prohibited  in  tbe  Rus- 
sian case,  since,  as  Helmert  has  shown,  the  deviations  of  a  plumb  line 
from  tbe  vertical  are  inconsistent  with  the  existence  of  such  blocks. 
In  reference  to  the  North  American  case  Helmert  has  remarked  that 
the  light  subterranean  blocks  mast  descend  for  several  kilometers;  and 
Mendenhall  has  shown  that  no  reasonable  assumption  will  suffice  to 
explain  tbe  facts. 

It  wonld  be  too  much  to  claim  that  geodetical  evidence  at  present 
available  proves  the  tetrahedal  theory,  for  accurate  data  are  not  yet 
available  for  a  sufficient  proportion  of  the  earth  to  show  whether  the 
mtuor  deviations  are  based  on  a  regular  plan;  but  papers,  snob  as  that 
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of  Mr.  E.  D.  PreatOD,  sbow  that  geodeststs  are  more  inclined  to  regart] 
the  tbeory  with  favor.  It  is  at  least  clear  that  geodesy  does  not  dis- 
prove tUe  liypotheais,  and  tbat  some  puzzling  geodetic  anomalies  reo^ve 
a  simple  solution  if  the  theory  be  true. 

QEOLOOT  AND  THE  TBTBAQEDBAI,  COIGNS  AND  EDGES, 

Let  U8  now  turn  to  geology,  to  see  if  its  evidence  as  to  the  past  his- 
tory of  the  world  refutes  or  supports  the  theory. 

The  geological  evidence  ongbt  to  be  of  especial  value,  as  we  should 
expect  it  to  determine  the  position  of  the  tetrabedral  coiguson  the  face 
of  tiie  earth,' 

If  the  tetrabedral  tbeory  be  true,  the  four  tetrabedral  coigns  shonid 
be  areas  of  unnsual  stability  and  strength.  Comparison  of  the  three 
meridional  land  belts  shows  that  ench  of  them  begins  in  the  north  with 
a  vast  block  of  Arcbican  rocks.  The  Eurafrican  zone,  in  longitude  20° 
E.,  begins  with  the  block  occupying  Scaudiiiavia,  Finland,  and  Lap- 
land, which  Suess  has  termed  the  "  Scandiuavian  schild."  It  is  an 
area  of  great  geological  antiquity,  wliich  has  long  remained  above  sea 
level;  bauds  of  marine  deposits  of  difi'ereut  ages  sweep  round  it,  bat 
the  block  may  never  have  been  below  sea  level.  It  has  nuqaestionably 
remained  as  a  solid  impassive  block  which  has  dominated  the  whole 
geological  history  of  northern  Europe.  Sonth  of  the  iScaodiuaviaD 
coign  are  the  transverse  east  and  western  chains  of  the  Alps  and  the 
Atlas,  with  the  Rlediterranean  trough  between;  and  far  to  the  south 
we  have  the  old  plateau  of  South  Africa. 

Let  us  now  go  IW^  westward  to  the  American  zone.  It  begins  with 
auotfaer  block  ot  old  Archu'an  rocks,  forming  what  Suess  has  called  the 
"  Canadian  schild."  It  occupies  Cauada,  Labrador,  and  most  of  Hod- 
son  Bay  and  Batfins  Land,  and  underlies  Greenland.  Bands  of  marine 
deposits  surround  it,  but  it  has  perhaps  never  been  itself  below  8ea 
level;  its  geological  age,  at  auy  rate,  is  enormous.  South  of  the  North 
American  coign  we  have  again  a  pair  of  east-west  mountain  chains, 
forming  the  highlands  of  Cuba  and  Venezuela,  separated  by  the  Carib- 
bean trough.  This  zone  also  ends  southward  in  an  old  plateau  resting 
on  Archa-an  rocks. 

The  third  meridional  zone  repeats  tlie  same  characters.  It  begins 
with  a  block  of  Archn'an  rocks,  for  wliich  we  may  speak  as  the  "Man- 
cburian  coign."  South  of  this  coign  are  the  east  and  west  ridges  of 
Malaysia  and  the  depressions  parallel  to  them;  and  sonth  of  that,  again, 
we  have  the  Archican  plateau  of  Australia. 

The  three  main  land  axes  of  the  world  have  remarkable  resemblances 
in  structure,  and  they  present  three  equidistant  blocks  of  great  stability 
at  the  three  tetraliedral  corners.  We  may  therefore  speak  of  the 
"schild  "  as  the  three  northern  coigns  or  corner  stones  of  the  earth. 

r  );ei)inctrii'al  pusitions  by  Oieen,  and  in  the  intereat- 
;  mup  of  M.  MicLel-Li-vy. 
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The  existence  of  those  uiasslre  coigus'  at  tbetliree  tetrafaedml  corners 
baa  produced  oue  point  of  divergeDce  in  tlie  earth  plau  from  the  geo- 
metrical figure  of  the  tetrahedron.  The  existence  of  three  aoch  hroad 
massive  blocks  uataraliy  strengthens  the  Jine  betweeu  them-,  and,  as 
we  have  seen,  the  main  divide  in  the  northern  hemisphere  runs  from 
coign  to  coign.  The  tetraliedral  edges  would  natnrjilly  be  lines  of 
weakness  and  of  movement;  but  in  the  northern  bcmisphere  the  hori- 
zontal lines  of  yielding  are  deflected  southward  by  the  stability  of 
the  band  supported  by  the  earth's  three  northern  coigns.  Hence  the 
great  baud  of  disturbances  is  subtropical,  and  runs  from  the  Carib- 
bean to  the  Mediterranean,  across  the  Persian  Gulf  and  the  Malaysian 
Archipelago. 

Id  the  case  of  the  vertical  edges,  however,  the  agreement  in  position, 
as  well  as  direction,  is  esact.  Precisely  below  the  tliree  comer  blocks 
therearethree  lines  of  instability  coinciding  with  the  vertical  tetrahedral 
edges.  BelowtheCauadian  coign  thereisthe  line  of  the  Andes{longitude 
76°),  which  according  to  some  geologists  is  still  undergoing  elevation. 
Almost  120°  east  of  the  Andes,  and  below  the  Scandinavian  coign,  is 
the  Brythrean  rift-valley  (mean  longitnde  lO*^),  in  which  some  of  the 
earth  movements  are  unquestionably  of  very  recent  date.  Again, 
nearly  120°  eastward,  and  due  south  of  the  Manchnrian  coign,  is  the 
recent  line  of  movement  represented  by  the  eastern  coast  of  Australia. 

The  main  mountain  system  of  the  world  corresponds,  then,  in 
direction  or  position,  or  in  both,  with  the  edges  of  the  tetrahedron. 
The  mountain  lines  run  east  and  west  in  the  Northern  Hemisphere, 
and  run  meridionally  in  the  Southern  Hemisphere — that  is,  always 
parallel  to  the  tetrabedra)  edges. 

But  it  will  be  said  there  are  three  great  exceptions,  for  the  Ural 
Mountains,  the  Appalachians,  and  the  Kocky  Mountains  are  meridional 
instead  of  transverse,  and  that  they  therefore  contradict  the  scheme. 
The  contradiction  is  only  apparent.  The  existing  mountain  ranges 
date  from  two  main  periods  of  mountain-building — the  Upper  Oatnozoic 
and  the  Upper  Paleozoic.  The  Upper  Teitiary  system  includes  the 
Alps,  Andes,  Himalaya,  Pyrenees,  Caucasus,  and  Atlas,etc.  The  Urals, 
Bocky  Mountains,  and  Appalachians  belong  to  the  Upper  Paleozoic 
system.  Before  we  can  say  whether  these  chains  confirm  or  refute  the 
tetrahedral  theory,  we  must  determine  the  distribution  of  land  and 
water  at  the  time  when  tbey  were  made. 

Xow,  we  know  that  in  Upper  Paleozoic  times  one  land  fauna  and 
flora  ranged  round  the  Souiberu  Hemisphere  from  Australia  to  India, 
and  thence  to  the  Cape  and  South  America.  Instead  of  there  having 
then  been  a  continuous  od&an  belt  separating  triangular  points  of  land, 
there  was  then  a  southern  land  belt,  which  was  supported  by  three 

-  Tbo  snggaation  of  the  word  "  coign  "'  fur  "comer"  I  owe  to  Mr.  L.  Fletcher,  to 
whom  I  am  JDdebtoit  formucli  hdlpriil  advice.  The  term  in  sni  table,  ob  it  is  u*ed  for 
a  prioter's  wedge  an  well  aa  for  the  uuruer  stooe  of  a  house. 

Gooi^lc 


384  THE    PI.AH   OF   THE   EASTH   AND    ITS   CAUSES. 

great  eqnidiHtAot  cornerstones,  tbeArchtean  blocks  of  Soatb  Africa,  o{ 
AaKtralia,  and  of  Pat;igODJa  aod  th«  Patagoniau  platform. 

What  the  Sonth  Pole  was  doing  then  is  hidden  by  oar  depl<M«Me 
ignorance  of  that  area;  but  there  is  evideace  that  to  the  soath  of  thi« 
southern  land  belt  there  was  a  cok),  ice-laden  sea. 

Now  let  Q8  consider  the  stat«  of  affairs  in  the  arctic  regions  at  the 
same  period.  At  the  present  time  the  nioUuaca  of  the  Berin^f  Sea  and 
North  Atlantic  belong  to  two  essentially  distinct  faanas.  Bat  in  Up|ier 
Paleozoic- Triassic  times  one  fanna  occnpied  both  regioDS,  and  that 
faana  moreover  extended  nnintermptedly  ronnd  the  Northern  HemiE- 
pliere,  and  apparently,  along  certain  lines,  extended  some  distaocc  to 
tbo  south.  There  was,  iu  fact,  a  northern  ocean  belt,  wbiob  apparentlj 
surrounded  a  cold  arctic  land.  The  distribntion  of  land  and  water 
was  then  on  the  same  plan  as  at  present,  but  with  land  and  wat«-r 
exactly  reversed.  There  were  two  opi>o8ite  interlocking  belts  of  land 
and  sen,  the  former  based  on  three  Archivan  corner  stones,  the  latter 
projecting  toward  the  equator  between  three  Archaean  plateaax. 

Thiis  the  plan  was  the  same  as  at  present,  but  the  conditions  were 
reversed.  This  gives  us  the  clue  to  the  monntsiu  chains  of  the  same 
period.  That,  also,  was  a  double  system.  There  was  a  sabtropieal 
mountain  girdle,  the  ruins  of  which  we  can  trace  right  across  the  Old 
"World  from  Eastern  China  to  Western  Europe,  where  it  is  cut  off  by 
the  Atlantic  slope.  And  projecting  meridionally  from  that  eqaatorial 
girdle,  opposite  the  three  coigns,  we  have,  three  mountain  ranges 
rnnniiig  along  the  meridional  edges.  These  are  the  Ural  Hountains 
[Gt)'^  E.)  north  of  the  eastern  continuation  of  the  Sonth  AfHcan  coign, 
the  Appalachians  (80'^  W.)  north  of  the  western  part  of  the  old 
Patagonian  coign,  and  the  old  broken  asisof  Kamtsobatka  (160°  E.) 
north  of  the  coign  of  Australasia. 

DEFOEJLATION   AND  BBOOTEBT. 

Such  a  change  in  the  position  of  the  flattened  faces  is  by  no  means 
improbable  in  the  case  of  a  revolving  globe.  In  the  case  of  a  stationary 
body,  a  tetmhedral  deformation  once  begun  would  be  strengthened  by 
every  fresh  contraction.  Hut  owing  to  the  world's  rotation,  the  tetra- 
bedral  collapse  is  steadily  resisted,  and  confined  within  narrow  limib^ 
The  <leformatiou  formed  by  one  |ieriod  of  slow,  quiet  contraction  may 
be  lost  on  the  restoration  of  etguilibrium  at  an  epoch  of  great  crustal 
disturbance.  When  deformation  begins  again,  in  consequence  of 
renewed  contraction,  the  Hatteuing  may  occur  elsewhere. 

This  hyi>othesis  of  the  alternation  of  periods  of  deformation  with 
periods  of  spheroidal  recovery  is  geologically  nsefnl,  as  it  suggests 
an  explanation  of  a  certain  periodicity  in  geological  phenomena.  For 
instance,  the  latter  half  of  Paleozoic  time  may  have  been  a  time  of  slow 
tetrahedral  collapse,  culiniiisiting  in  an  instability  which  led  to  the 
great  mountain  movements  which  closetl  the  Paleozoic;  then  followed 
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a  quiet  period  of  8low  restoratiou  of  the  spberoida)  form,  causing  the 
series  of  marine  "transgressions"  which  are  the  dominant  feature  of 
the  geological  history  of  the  MeeozoiC'era. 

VBBTICAL  BANOB  OF  DEPOBMATION. 

Reluctance  to  admit  the  i>08aibility  of  sach  changes  is  reduced  when 
wo  n^collect  how  inBigniflcant  are  the  differences  iu  level,  when  com- 
piired  with  the  size  of  the  earth.  The  use  of  exaggerated  diagrams 
leads  to  unconscious  magnilication  of  the  extent  of  the  polar  flattening, 
and  of  the  difference  between  the  contineutal  summits  and  the  oceanic 
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depths.  The  study  of  large-scale  maps  has  been  author- 
itatively recommended.  The  examination  of  true-scale 
curves  and  outlines  may  help  us  to  realize  the  actual  con- 
ditions. The  accompanying  figure'  ^ows  a  section  of 
the  earth's  crust  fromStroraboli  to  Vesuvius.  The  thick 
black  baud  represents  the  section  across  the  Mediter- 
ranean; the  line  a  A  marks  the  depth  of  the  Atlantic; 
the  upper  curve  shows  where  the  surface  would  bo  if 
there  were  no  flattening.  The  lowest  line  marks  the 
depthof  one-hundredth  of  the  earth's  radius.  The  thick- 
ness of  this  zone  in  comparison  with  the  size  of  the  earth  is  shown 
on  fig.  7,  by  which  is  a  sector  of  a  circle,  with  the  zone  of  a  shown, 
reduced  to  its  true  relative  size.  The  polar  flattening  is  barely  recog- 
nizable, and  the  difference  between  sea  bottom  and  niountaia  summit 
is  marked  only  by  variations  in  the  thickness  of  a  line. 

The  diagram  illustrates  the  insignificauce  of  the  deformations  re- 
qaired ;  and  that  crnstal  disturbance  occurs  much  deeper  than  the  layer 
with  which  the  tetrahedral  theory  is  concerned  is  shown  by  the  feet 
tliat  the  estimated  center  of  origin  of  the  Lisbon  earthquake  lies  far 
below. 

This  diagram  also  serves  to  show  that  the  amount  of  contraction  iu 
the  earth  necessary  to  allow  tetrahedral  deformation  is  very  small. 
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This  is  important  becaase.  as  Lord  Kelvin  has  shown,  tbe  amount  of 
contraction  allowable  daring  tbe  lat«r  siagea  of  tbe  earth's  biatarj  w 
very  limited.  But  geologists  have  the  aatbority  of  Professor  I>iu-wni 
for  accepting  a  certain  amoant  of  contraction.  *'A  cooling  celestial  orb 
most  contract  by  a  perceptible  fraction  of  its  radins  after  it  has  oonsoli 
dated,"  be  tells  ds,  and  his  considerations  -'only  negative  the  hypothesis 
of  any  large  contraction  of  the  earth  since  tbe  moon  has  existed."  '  And, 
unlike  tbe  contraction  theory  of  tbe  origin  of  monntaio  chains,  the 
theory  of  the  tetrahedral  deformation  of  tbe  litbosphere  reqaiies  only 
a  small  amonnt  of  radial  contraction. 

Finally,  it  may  be  nrged  that  even  such  deformation  as  the  tetrab& 
dra)  theory  requires  is  impossible,  since  physicists  have  tanght  as  that 
the  earth  is  rigid.  To  this  objection  it  ia  only  necessary  to  re^Iy  that 
Lord  Kehin's  rigidity  arguments  apply  to  the  earth  as  a  whole,  and 
not  to  its  crust ;  tbey  deny  tbe  fluidity  of  tbe  interior  of  tbe  earth,  and 
do  not  prohibit  any  local  deformations  of  the  exterior  cmst.  The  once 
prevalent  astronomical  belief  in  the  absolute  invwiability  of  the  earth's 
Bliai>e  and  in  the  absolute  fixity  of  its  axis  of  rotation  (expressed, 
e.  g.,  by  Sir  J.  Ilerschel  in  1S62)  uo  longer  binders  progress.  In  fitet, 
astronomers  tell  us  that,  instead  of  the  absolute  fizit?  of  tbe  pole,  it 
now  shifts  its  position  to  an  appreciable  extent  under  tbe  iDflaeoce  of 
the  movements  of  the  atmosphere,  the  nneqnal  melting  of  the  polar  it», 
and  by  heavy  falls  of  snow  on  the  Siberian  highlands.  These  oiove- 
ments  of  the  pole  are  important,  because  tbey  are  taken  to  prove  a 
certain  elasticity  in  the  earth.  The  movements  demonstrated  by  actual 
observations  are  so  far  minute;  but  tbey  at  least  allow  geolt^ists  to 
say  that,  as  such  slight  causes  as  those  mentioned  produce  appreciable 
effects,  more  powerful  causes  acting  for  longer  periods  would  work 
greater  changes. 

SCMltABT. 

The  object  of  the  paper  is  to  show  that  the  old  belief  in  a  definite 
plan  of  the  earth  is  justititMl,  since  tlie  distribution  of  land  and  water  on 
the  globe  has  been  determined  by  the  tetrahedral  arrangement  of  the 
elevations  and  depressions  in  the  surface  of  the  litbosphere. 

This  tetrahedral  plan  is  shown  by  tbe  existence  of  (1)  a  northern 
land  belt,  surrounding  anortbemocean,  and  giving  off  three  meridional 
land  lines,  which  tajier  southward;  (1)  the  southern  ocean  belt  aur- 
renntling  a  south  [tolar  continent,  and  the  three  meridional  oceans;  (3) 
by  the  antipodal  position  of  land  and  water;  (4)  by  the  coarse  of  the 
main  watersheds  and  mountain  chains. 

It  is  held  that  this  arrangement  was  not  established  io  the  earth's 
infancy,  and  therefore  has  to  be  attributed  to  some  agency  which  has 
acted  througboQt  geological  history. 

There  are  reasons  for  believing  that  a  contracting  sphwe  with  a  hard 

^bil.  Trans.,  vol.  ITO,  pp.  522,  523. 
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cmst  woold  undergo  tetrabedral  deformation,  and  tLe  evidence  of 
geodesy  shows  tbat  tlie  earth  has  been  deformed  from  its  spheroidal 
form.  Its  preseut  figure  ™»y  be  defined  as  a  geoid,  which  has  bei-u 
derived  from  a  spheroid  by  irregular  tetrabedroid  deformation. 

If  such  tetraliedral  collapse  be  granted  in  the  case  of  the  earth,  then 
the  existing  arrangement  of  oceans  and  continents  receives  a  natural 
explanation. 

The  changes  in  the  distribution  of  land  and  seas  in  the  past  may  be 
explained  as  doe  to  the  conflict  of  two  opposing  forces,  collapse  causetl 
by  the  earth's  contraction  producing  deformations,  which  are  rednctnl 
by  the  effects  of  the  earth's  rotation.  Geological  history  afiords  evi- 
dence of  the  alteration  of  i^erindsof  tetrahetlral  collapse  and  spheroidal 
recovery. 

Tbe  plan  of  the  earth  may,  in  short,  be  attribnted  to  the  continual 
foundering  of  the  earth's  external  shell,  owing  to  the  unceasing  shrink- 
age of  its  internal  mass. 

After  tbe  reading  of  the  paper,  the  President  said :  In  inviting  the 
discoBsion  of  this  paper,  I  believe  that  there  are  those  here  who  have 
'given  some  thoaght  to  the  subject,  and  who  will  at  least  be  inclined  to 
tell  ns  what  their  impressions  are  res))ecting  tbe  views  set  forth  iu  Dr. 
Gregory's  paper.  I  hope  Sir  John  Marray  for  one  will  be  disposed  to 
give  OS  tbe  result  of  his  impressions  on  tbe  sabject,  and  also  Mr. 
Blanford. 

I  find  there  is  a  relqctance  on  the  part  of  learned  men  to  commit 
themselves  to  any  opinions  on  a  i|aestion  whii;h  at  present  is  in  its 
infancy,  and  on  which  their  views  are  not  entirely  settled.  I  think 
that  some  paits  of  the  paper  might  have  been  discussed,  and  I  can  not 
help  expressing,  as  I  have  done  on  other  occasions,  my  regret  at  the 
loss  we  have  sustained  in  our  lamented  triend  General  Walker,  for 
there  is  no  man  who  could  have  spoken  with  so  much  authority  on  one  or 
two  points,  especially  on  the  very  slight  difl^rences  that  have  occarred 
between  astronomical  observations  and  geodetic  measurements.  As 
Mr.  Whittaker,  tbe  president  of  tbe  Geological  Society,  is  present, 
perliaps  he  would  be  disirased  to  address  us. 

Mr.  Whittakbe.  I  came  to  listen,  not  to  speak.  I  found  s  little 
time  ago  that  many  gentlemen  have  come  here  after  having  the  pleasure 
ofseeing  the  proof.  lam  not  one  of  those,  and  were  I  tospeak,  it  would 
bewithouttbeadvantagetheybavehad;  consequently  they  would  have 
the  pleasure  of  sitting  upon  me,  and  this  goes  against  my  feelings.  I 
would  offer  one  general  remark — it  is  the  satisfaction  I  feel  with  any 
paper  of  this  sort  that  shows  the  iaterde[>endence  of  the  various  sci- 
ences, and  bow  men  who  follow  one  branch  of  science  should  not  have 
too  much  of  that  branch  alone,  but  should  see  occasionally  bow  it  bears 
on  others,  and,  on  the  other  hand,  how  others  bear  on  it.  This  calls  in 
geologists,  physicists,  mathematicians,  and  many  others,  and  it  is  too 
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big  to  take  up  witfaoat  n  chance  of  going  into  tbe  matter  beforehand, 
and  1  decline  to  commit  myself  to  details. 

It  is  uncomfortable  to  think  that,  instead  of  being  on  a  comfortable 
globe,  as  we  bad  imagined,  one  is  placed  on  a  tetrahedron. 

Mr.  Yaughan  Gobnish.  The  tetrahedral  theory  was  described  by 
Mr.  Lowthian  Green,  When  it  was  first  promulgated  it  attracted  very 
little  Attention,  and  no  favorable  attention;  it  was  met  almost  with 
ridicule,  and  I  think  that  it  is,  perhaps,  not  the  smallest  part  of  our 
indebtedness  to  Dr.  Gregory  that  bis  great  power  of  expositioo  has 
brought  this  theory  again  before  tbe  world,  and  though  he  has  not  y^ 
secured  for  it  a  universal  assent,  he  has  at  least  secured  a  very  careful 
consideration  of  what  mnst,  at  all  events,  be  considered  a  most  snb- 
stantial  hypothesis.  I  think  those  who  have  followed  oarefblly  tbe 
able  exposition  of  Dr.  Gregory  given  to-night  must  admit  that  the 
tetrahedral  convention,  at  all  events,  represents  the  observed  distriba- 
tiouof  land  and  water  upon  the  surface  of  the  globe.  ThatdistribntitMi 
is  essentially  hemihedral,  as  tbeysayin  crystallography;  the  forms  are 
not  whole  forms,  but  two  half-forms  interpenetrating,  as  we  see  in  tbe 
oppositely  directed  wedges  of  the  coutinents  and  oceans,  and  so  far,  I 
think,  we  shall  most  of  us  be  prepared  to  go  with  Dr.  Gregory.  With 
regard  to  tbe  physical  caases  which  have  produced  such  a  deformation 
of  the  assumed  spheroid,  I  think  most  of  us  will  wish  to  reserve  our 
judgment  until  mathematicians  and  physicists  and  followers  of  experi- 
mental science  have  tested  it  qnantitively,  and  have  seen  whether 
these  causes,  which  I  suppose  wonld  go  in  the  direction  of  producing 
tetrahedral,  or  tetrahedroid,  deformation,  are  sufficient  to  produce  the 
elTeete  that  Dr.  Gregory  has  described. 

The  Pbesident.  1  think  we  shall  all  be  agreed  that  this  difficult 
subject,  abont  which  so  few  people  seem  inclined  to  give  au  opinion, 
has  been  set  before  us  in  a  very  elear  and  graphic  manner  and  with 
great  ability  by  our  friend  Dr.  Gregory.  I  am  sure  yon  will  all  be 
ready  to  pass  a  vote  of  thanks  for  his  most  interesting  paper.  Although 
we  are  now  almost  for  tbe  first  time  realizing  that  the  shape  of  the 
earth  is  not  what  it  is  said  to  be  in  tbe  text-books,  we  may  remember 
that  the  first  person  who  supported  the  theory  that  the  earth  was  the 
shape  of  a  pegtop  or  a  pear  was  Ohristopfaer  Columbus,  although  be 
did  not  put  the  pointed  end  of  the  pear  at  the  south  pole,  but  near  tbe 
region  where  tbe  Venezuelan  arbitration  is  going  to  take  place.  I  now 
wish  to  ask  you  to  pass  a  cordial  vote  of  thanks  to  Dr.  Gregory  for  hia 
paper. 


D.qitizeabyG00l^lc 


FUNAFUTI:  THE  STORY  OF  A  CORAL  ATOLL.' 


By  W.  J.  SoLLAS,  M.  A.,  LL.  D.,  D.  8c.,  F.  R.  8. 
(Ptofissaorof  (leologj  »ud  Pftleontology  id  the  UDiveraity  of  Oxford). 


By  far  the  largest  portion  of  the  antroddeu  surface  of  our  plauet  is 
formed  by  tbe  floor  of  the  Pacific  Ocean.  Submerged  at  an  average 
depth  of  over  1,000  fathoms,  it  lies  out  of  reach  of  the  geologist's 
hammer  for  all  time,  and  for  the  present  at  least  is  inaccessible  to  tbe 
diamond  .drill.*  The  geology  of  an  almost  entire  hemisphere  is  thus 
the  secret  of  the  Paci&c. 

"It  is  the  nature  of  a  Ood,"  Bacon  quaintly  remarks,  "to  conceal  a 
thing,  it  is  the  glory  of  a  man  to  find  it  oat,"  and  certainly  there  woald 
aeeni  to  be  fev  secrets  in  Nature  to  which  a  clew  has  not  somewhere 
been  left  for  those  who  have  virtue  to  discover  it. 

The  mountainous  margins  of  the  ocean,  still  yonug  and  actively 
moving,  may  doubtless  furnish  us  with  many  precious  bints,  but  it  is 
to  tbe  multitudinoDB  islands,  which  in  serried  rows  like  tbe  tops  of 
submerged  mountain  chains  extend  across  it,  that  we  must  turn  in 
search  of  the  true  guiding  thread. 

Some  of  these  islands,  like  New  Zealand  and  New  Caledonia,  are  in 
many  important  respects  similar  to  our  own,  and  aeem  to  be  tbe  sur- 
viving fragments  of  a  lost  continent,  which  has  fallen  into  ruins  and 
sunk  beneath  tbe  waves.  Others,  such  as  the  Sandwich  and  Fiji  islands, 
are  also  of  a  kinti  Jong  since  familiar  to  us,  clusters  of  volcanic  cones 
which,  like  Stromboli  and  Vulcano  of  the  Mediterranean,  rise  from  the 
depths  of  the  sea. 

In  addition  to  these,  however,  there  exist  a  third  and  strange  kind 
of  islands,  restricted  to  the  torrid  zone,  and  known  to  the  daring  mariners 
of  tbe  Elizabethan  period  as  "low"  islands,  a  name  well  deserved,  since 
few  of  them  attain  a  greater  elevation  than  many  of  the  pebble  beaches 
which  fringe  our  own  coasts;  few  indeed  so  great,  the  loftiest  summits 
of  most  not  exceeding  the  insignificant  height  of  10  feet.  Owing  to 
this  fact  they  are  scarcely  visible  till  a  ship  is  close  upon  them,  and  the 

'  heiag  the  Friday  eveDing  diaooorse  delivered  before  tbe  Britlab  Auociation  at 
Bristol,  t|j98.    Printed  [d  Natnral  Soienoe,  Edlnbnrgb  and  Londoo,  Vol.  XIV,  No.  83. 

'Profs.  John  Jol;  and  Edgeworth  David  tbink  It  maf  be  poulble  by  anltable 
muohinerT  to  bore  a  hole  In  tba  floor  of  tbe  deep  tea. 
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first  glimpse  of  a  lov  island  presents  itself  as  a  tliin  dark-greeu  baod, 
which  separates  the  deep  azure  of  the  sky  Irom  the  still  deeper  bine  of 
the  seaj  with  nearer  approach  a  cream-colored  streak  inserts  itself 
below  the  green  and  is  instantly  followed  by  a  line  of  dazzling  snovy 
white,  which  is  aooii  recognized  as  the  fringe  of  surf  which  marks  the 
boundary  of  the  sea.  Sailing  nearer,  the  streak  of  cream  color  becomes 
the  island  beach,  and  the  zone  of  green  resolves  itself  into  a  mass  of 
luxuriant  vegetation,  over  which  the  feathery  crowns  of  the  gracefnl 
cocoanut  palms,  towering  to  a  height  of  8U  feet,  wave  indolently  in  the 
sea  breeze. 

A.B  the  details  of  this  gracious  scene,  rising  like  an  apparition  frotn 
the  deep,  unfold  before  the  eyes,  one  seems  to  gaze  on  some  island  of 
enchantment,  and  with  the  music  of  the  surf  thundering  in  one's  ears 
one  thinks  of  the  Tritons  sounding  the  loud  conch,  and  half  expects  to 
"see  old  Proteus  rising  from  the  sea!" 

If  it  be  with  surprise  that  we  first  make  the  acquaintance  of  these 
islands  the  feeling  is  in  no  degree  abated  with  closer  fomiliarity;  from 
beginning  to  end  their  whole  story  ia  a  chapter  of  surprises. 

Mariners  soon  learned  to  dread  the  snrf-beateu  shores,  for  tbey  could 
find  no  anchorage  within  a  safe  distance  of  the  breakers,  the  sides  of 
the  island  descending  precipitously  to  great  depths  within  a  few  hun- 
dred yards  of  the  coast;  and  within  this  distance  a  reef  of  rough  and 
rugged  rocks  forms  the  shelving  floor  of  the  sea.  A  bark  once  driven 
on  to  this  heels  over,  with  its  deck  facing  the  pitiless  waves,  and  is 
swept  clean  from  stem  to  stern. 

Bristling  with  dangers  ou  the  ontside,  the  island  conceals  within 
itself  a  spacious  inner  sea  or  lagoon,  into  which,  through  dangerous 
passages,  a  ship  may  make  its  way,  and  once  there  securely  ride  out 
the  most  destructive  storm.  Tbe  island  thus  difi'ers  from  most  others 
in  being  hollow  in  its  midst;  a  mere  rocky  rim  to  a  sea  lake,  which  may 
be  as  mucli  as  60  or  even  lOU  miles  across,  and  60  fathoms  deep,  thongh 
120  fathoms  is  more  usual.  From  this  feature  the  islands  are  known, 
not  only  as  "low"  islands,  but  as  "lagoon"  islands.  The  shores  of  the 
lagoon  are  bordered  by  a  smooth,  gently  sloping  beacb  of  flesh-colored 
saud,  over  which  the  wavelets  fall  faintly;  and  palms  and  laurel-like 
shrubs  growing  down  to  tbe  water's  edge  are  reflected  in  its  crystal 
margin. 

When  the  voyager  first  set  foot  on  this  strange  new  land  it  was  a 
fresh  surprise  to  him  to  find  it  peopled.  The  inhabitants,  usually 
graceful  and  prepos»essmg  in  appearance  and  amiable  in  manners,  came 
timiilly  forth  to  welcome  him,  speaking  a  language  full  of  soft  vowel 
sounds,  which  has  been  aptly  styled  tbe  Italian  of  the  Pacific.  In  some 
eases,  particularly  when  the  natives  were  not  red  men  but  black,  they 
showed  less  favor  to  strangers,  and  tbe  island  sometimes  became  the 
theater  of  bloody  strife. 

Besides  man,  whose  presence  is  an  additional  problem  of  tbe  islands, 

_nOOglC 


FUSAFUTI:  THE  STORY  OF  A  CORAL  ATOLL.      391 

no  other  mamnialB  are  indigeooDS,  their  place  being  taken  by  various 
land  crabs  and  spiders  of  many  kinds. 

Au  examination  of  the  rocks  of  a  low  island  reveals  another  singular 
feature;  save  for  a  fev  fragments  of  pumice,  brought  from  distant  vol- 
canos  by  sea  ourrenta  aud  cast  by  the  waves  upon  the  strand,  they 
present  us  with  bnt  one  kind  of  material,  carbonate  of  lime,  which  has 
been  extracted  from  solution  in  the  sea  and  built  up  into  a  diversity  of 
solid  forms  by  the  agency  of  organisms — plants  and  animals,  of  which 
the  most  conspicuous  are  corals.  Thus  but  one  kind  of  rock  enters 
into  the  constitntaou  of  tbe  island,  and  this  is  limestone;  of  granite, 
elate,  sandstone,  clay,  such  as  we  are  familiar  with  at  home,  there  is 
Done;  all  is  limestone,  whatever  yon  see! 

The  interest  of  this  fact  is  enhanced  by  another.  Repeated  investi- 
gation has  proved  that  the  island  is  not  merely  a  residaum,  a  mortuary 
of  calcareona  organisms,  bnt  that  it  is  still  alive  and  in  active  growth. 
A  profusion  of  gaily  tinted  corals  form  reefs  within  the  lagoon,  and 
the  whole  of  the  shelving  plat- 


form, which  descends  from  the      g^>  }.i,\  iiii..M 

surf  to  a  distance  of  20  or  30      ^a>V:tg->.^V 

fothoms  below  the  sea,  is  alive 
with  them ;  this  platform  is  in- 
deed the  true  growing  surface 
of  the  island.  '    '^^ 

Corals,  by  reason  of  their  con- 
siderable size  and  brilliant  colors,  first  attract  tbe  attention  of  the 
observer,  and  hence,  although  numerous  other  kinds  of  creatures  col- 
laborate with  the  corals  in  tbe  construction  of  tbe  reef,  these  islands 
are  known  not  only  as  "low"  islands  and  "lagoon"  islands,  but  also  as 
"coral"  islands,  or  more  particularly  as  "coral  atolls." 

Tbe  remarkable  discovery  that  coral  atolls  consist  of  the  remains  of 
animals  and  plants  of  precisely  the  same  kinds  an  those  which  are  at 
present  adding  to  its  substance  excited  general  interest,  and  led  to 
many  fftntastic  speculations  which  need  not  now  be  recalled.  The 
state  of  opinion  at  the  beginning  of  this  centnry  may  best  be  learned 
from  the  works  of  the  poet  naturalist,  Chamisso,  who  may  probably  be 
more  widely  known  as  the  author  of  Peter  Schlemihl's  wunderbare 
Geschiclite  (Tbe  Story  of  the  Man  who  sold  his  Shadow)  than  as  an 
investigator  of  coral  reefs.  In  a  description,  which  even  in  tbe  light 
of  the  most  recent  research  must  still  be  pronounced  excellent,  Gba- 
misso  (fig.  1)  speaks  of  atolls  as  tsble  mountains  which  rise  steeply 
from  great  depths.  The  summit  of  tbe  table  mountain  is  always  under 
water,  and  is  covered  by  the  living  reef  which  surrounds  its  inargiD  as 
a  broad  platform  and  rises  to  the  level  of  low  tides.  Sand  banks  rest- 
ing on  this  form  tlie  dry  land.  Since,  he  observes,  every  particle  of  the 
atoll  which  lies  within  the  reach  of  observation  consists  of  coral,  it  is 
only  just  to  oonolade  that  tbe  whole  structure,  inolading  the  table 
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mooiitain,  is  formed  of  tbe  same  material.     Not  i>erhapB  a.  strictly  logi- 
cal conclasioD,  yet,  as  eveuts  liave  proved,  in  the  maio  correct. 

GbamisBo's  opinion  was  not  destined  to  remain  long  nnchalleuged, 
for  two  famous  French  naturalists — Quoy  and  Gairoard — asserted,  as 
the  result  of  their  observations,  that  the  coral  rock  of  an  atoll  is  only 
skin-deep — i.  e.,  it  forms,  according  to  them,  a  mere  superficial  cmst, 
not  more  than  about  25  feet  iu  thickness;  the  rest  (Ohamisso's  "table 
mountain" )  being,  on  this  view,  of  volcanic,  or  at  all  events  of  inorganic, 
origin. 

Few  of  tbe  arguments  by  which  it  was  attempted  to  sustain  this 
erroneous  conclusion  strike  one  aa  being  very  satisfactory,  bnt  they 
include  one  highly  important  observation,  viz,  that  reef-building  corals 
do  not  Jive  at  greater  depths  than  26  feet  below  the  level  of  low  tides. 
Subseqnent  inquiry,  while  fully  confirming  the  esisteuce  of  a  limit, 
has  at  tbe  same  time  extended  it  down  to  a  depth  of  as  many  as  35  or 
perhaps  even  40  fathoms.  Yet,  even  with  this  modification,  tbe  unex- 
pected discovery  of  Quoy  and 
Gatmard  seems  to  stand  in 
flagrant  contradiction  to  the 
views  of  Ghamiaso.  If  corals 
can  not  grow  below  a  depth 
of  25  fathoms,  bow  could  they 
jtossibly  have  built  ap  isl&uds 
of  over  100  fathoms  in  thick- 
ness f 

The  answer  to  this  qaeatiou, 
as  is  well  known,  was  given 
by  Charles  Darwin.     If  we 
_  admit  the  truth  of  both  the 

apparently  confiictiug  state- 
ments, it  is  obvious  that  the  corals  at  the  base  of  a  reef  100  fathoms 
in  thickness  must  have  been  situated  within  the  limit  of  35  fathoms 
at  the  time  they  were  alive.  But  in  order  to  bring  them  within  this 
limit  it  is  only  necessary  to  suppose  that  the  foundation  on  which  they 
grew  originally  stood  75  fathoms  nearer  the  sea  level  than  it  does 
now;  or,  in  other  words,  that  since  the  lower  layers  of  the  reef  were 
alive  and  flourishing,  the  ground  which  supported  them  has  sunk  75 
fathoms  dee])er  in  the  sea.  No  fact  is  better  established  than  the  rise 
and  fall  of  islands  sitaated  iu  mid-ocean,  and  thus  there  is  nothing 
antecedently  improbable  in  tbis  supposition.  Bnt  once  grant  it,  and 
Darwin's  explanation  of  atolls  naturally  follows.  Thus,  let  a  be  an 
island  with  its  summit  rising  100  fathoms  above  the  sea;  let  its  shores 
become  peopled  with  corals,  which  extend  seaward  down  to  the  limit 
of  25  fathoms,  beyond  which,  as  we  admit,  they  can  not  proceed;  a  reef 
is  thus  started,  which  will  '"  ?row^  rising  upward  till  it 

reaches  the  level  of  low  tit  i  attained  upward  growth 
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vill  cease,  aud  the  reef  will  begin  to  pass  into  decay,  from  the  shore 
edge  outward.  So  long  aa  the  inland  remaiiia  stationary,  neither  rising 
nor  falling  with  respect  to  the  sea  level,  this  is  practically  all  that 
vill  happen,  and  the  final  result  is  a  reef  not  niach  exceeding  25 
fathoms  in  thickness  ( fig.  2,  first  stage).  Bat  let  us  next  suppose  that 
the  island  begins  slowly  to  sink  into  the  sea,  carrying  the  reef  with  it; 
the  upward  limit  to  the  growth 
of  the  corals  will  be  displaced; 
they  will  commence  to  flourish 
alVesh,  and  the  reef  will  continue 
to  extend  upward  till  the  level 
of  the  low  tides  is  once  more 
encountered,  and  growth  again 
arrested.  This  process  of  sub- 
mergence and  upward  growth 
may  of  course  be  repeated  in- 
definitely, and  by  the  time  the 
island  has  descended  fiO  fathoms 
below  its  original  position,  the  skcon'd  in*oK. 

reef  will  have  acquired  a  corre- 
sponding thickness.  In  such  a  case  the  unfavorable  conditions  to  the 
coral  growth  which  prevail  on  the  inner  side  of  the  reef,  together  with 
the  retreating  slope  of  the  fianks  of  the  island,  wilt  have  led  to  the 
formation  of  a  channel  of  sea  water  between  the  reef  and  the  shore  (fig. 
2,  second  stage).  Finally,  let  the  submergence  of  the  island  continue 
till  it  is  completely  swallowed  up  by  the  sea,  not  a  vestige  of  its  summit 
remaining  to  mark  its  place;  the  upward  growth  of  tlie  corals,  con- 
stantly proceeding,  will  bring 
them  once  more  to  the  level  of 
low  tides,  and  the  result  will  be 
tiie  formation  of  a  ring-shaped 
reef  surrounding  a  ceutral  la- 
goon, or,  in  other  words,  of  an 
atoll  (fig.  2,  third  stage). 

If  this  hypothetical  scheme 
of  the  progress  of  eveuta  corre- 
spond to  the  facts,  we  may  ex- 
pect to  find  its  various  stages 
■riiinirsTAOB,  ^'^'l    represented    among   the 

numerous  islandsof  the  Pacific, 
and  this,  as  Darwin  endeavored  to  show,  is  clearly  the  case.  The  first 
stage,  ill  which  the  reef  ia  no  more  than  25  fathoms  thick,  and  forms  a 
selvage  accurately  following  the  margin  of  the  land,  is  represented  by 
that  nnmerous  class  known  as  "fringing"  reefs.  The  second,  in  which 
a  comparatively  thick  reef  surrounds  an  island  with  an  intervening  salt- 
water channel,  is  illustrated  by  another  class,  known  as  "  encircliug"  or 
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"barrier'  reds.  Ib  themt,  as  we  aiekt  expect,  the  tea  ml  the  i«er  is 
onlj  raMtel7  rdated  to  the  etHitoor  of  tke  indoeed  idaad.  the  TalleyB 
ofwbichpmeDtthat  fiord-like  ehaneter  so  saeg«ti*vo'>n>>k«*>  1»>^ 
Hie  laet  atoge  is  that  of  the  atoll  itatdt 

nie  ezedlesee  of  Darvin's  tbeorr  Uee  in  this,  that  it  explains  all  the 
eaeentia]  feattins  of  an  atoll  on  one  simple  aasKoiptioa.    It  is  incon- 
■istent  vith  no  knovn  fact,  and  as  additional  discoveries  have  been 
made  it  baa  not  required  to  be  snpplemeitted  bjr  fresh  faypotbeses.     It 
is  not  like  a  Gothw  stractore,  supported  hyQjiag  battresses  and  other 
toora  de  Ibree,  bat  rather  resembks  some  noble  Italian  tower,  which 
rises  from  its   base,  straight,  simple,  and  self^nfficing.    It  was  do 
soMier  given  to  the  woiid  than  it  commaoded  almost  universal  asBeoL 
Xeveftheleas,  it   has   never  been   witbont   a   rivaL    Bvmi   before 
Dsvwin  pablisbed  his  celebrated  work  Ainsworth '  had  suggested  a 
diffetent  explanatioD.    fie  rightly  pointed  out  that  t^noj  «id  Gaimard 
had  not  estabHshed  a  limit 
"■-■•-'»■'"  for  all  leef-bnilding  organ- 

isms, and  that  altbongh  oer- 
tain  corals,  snch  as  tb^ 
had  observed,  might  be 
restricted  to  shallow  waters, 
there  might  yet  be  others 
capable  of  floorisbiug  at 
greater  depths.  If  so,  these 
deep-water  organisms  might  be  engageal  in  laying  the  fonndations of 
ao  atoll  on  which  the  shallower  water  forms  might  erect  the  snper- 
stroctnre '  fig.  3,.  This  sngjrestion  seems  to  bave  falleo  stiUboru,  bat 
the  notion  of  '-layiug  tUefoandation''of  an  atoll  was  not  destined  to 
perish;  it  has  been  revived  of  late  years  by  Sir  John  Harray,  who, 
guided  by  fats  obserrationtf  made  when  on  board  the  Chalienger,  was 
led  to  sappose  tbat  the  sabmerged  summits  of  deeply  enofeen  islands 
might  be  raised  to  within  the  limits  of  2o  fathoms,  not  by  the  upward 
growth  of  corals  bat  by  the  incessant  downward  rain  of  minate  organ- 
isms from  the  sarfaco  of  the  xea.  The  same  agencies  which  were  sop- 
posed  to  be  spreading  oat  a  layer  of  chalky  mnd.  or  ooze,  over  the 
abyssal  floor  of  the  ocean  were  also  imagioed  as  engaged  in  piling  a 
Pelion  of  mad  on  every  t<nbmarine  Ossa  (tig.  4>. 

The  publication  of  Sir  Jofan  Murray's  riews  was  followed  by  a  long 
controversy,  in  which  Darwin's  theory  was  subjected  to  a  most  search- 
ing criticism.  Ad  impartial  summary  of  the  argaments  arrayed  on 
both  sides  of  the  qoestion  is  given  by  Professor  Bonney  in  tbe  laM 
editaon  of  Darwin's  "  Coral  Iteefs,**  and  the  general  subject  is  treated 

'G.  W.  Ainaworth.  "Aoalyeia  of  ayo^apv  U>  tbe  Tacidc  and  Behring'B  Straita  t« 
cooperate  wit'  -xpMlilioD,  perfonuttl  in  H.  U.  abip  Blotom,  nnder  eom- 

BMiiil  of  Cat  ^>  ^  ^'-i  ■"  »>•>  lean  18:^,  lg2&"— Gsog.  Jour.,  Vol.  I, 
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in  the  fhllest  manner  by  Langenbeck  in  a  work  entitled  Die  Theorieen 
Tieberdie  Eutstehang  der  Eoralleaiusein  und  Korallenriffe  {Leipsig, 
1890). 

So  for  as  the  opposition  to  Darwin's  yievs  haa  come  to  conat  amonK 
its  adherents  a  namber  of  distingaished  thinkers,  it  can  ooly  be 
regarded  as  haviag  achieved  a  certain  measure  of  success;  a  result 
not,  to  my  thinking,  to  be  wholly  accoanled  for  by  the  natare  of  the 
arguments  employed.  Possibly  in  this,  as  in  similar  casoa,  the  ostensible 
objections  are  mere  weapons  of  combat,  wbiletbereal  power  baa  lain 
in  the  strong  and  subtle  iaBuence  exercised  by  some  geueral  current 
of  thongbt.  Such  a  current  is  iudicated  in  the  tendency  to  a  belief  in 
what  is  spoken  of  as  the  permanence  of  continental  areas  and  oceanic 
Basins. 

According  to  Darwin,  every  atoll  marks  the  site  of  a  vanished  island, 
bnt  the  atolls  of  the  Pacific  are  so  numerous  that  if  one  imagines  all  the 
islands  tbey  represent  as  summoned  back  from  the  "vasty  deep"  and 
restored  to  their  original  position  above  tbe  sea,  tbey  will  coustitate  a 
very  considerable  tract  of  land,  and  tbis  sitnated  in  tbe  very  middle  of 
the  Pacific  Ocean.    Such 

a  prospect  conid  not  fail  *'"  ■""■"  """■" 

to  be  nnpleasing  to  those 
who  believe  in  the  imma- 
tability  of  the  ocean. 

Of  late  years,  however, 
this  doctrine  of  "perma- 
nence" has  begun  to  look 
a  little  threadbare.    In  a 

theoretical  restoration  of  the  distribution  of  land  and  sea  daring  the 
Jnrassic  times,  Nenmayr  has  treated  it  with  scant  consideration,  since 
he  represents  the  I^orth  and  Sonth  Atlantic,  as  well  as  the  Indian  Ocean, 
nsthen  to  a  greut  extent  occupied  by  land,  and  it  is  now  very  generally 
snpiwsed  that  this  land  did  not  disappear  to  make  way  for  existing  seas 
till  a  comparatively  late  period  in  tbe  history  of  the  earth.  Bold  as 
Keamayr  showed  himself  in  tbe  treatment  of  these  oceans,  be  had  not 
the  temerity  to  take  liberties  with  the  P»;tflc.  Tbis  he  and  geologists 
in  general  are  disposed  to  regard  as  having  maintained  its  existing 
featnres  trom  a  very  early  period.  Of  this  ocean,  and  of  tbis  alone,  would 
they  exclaim,  "Snch  as  Creation's  dawn  beheld,  thou  rollest  now." 

Darwin's  theory,  as  we  have  seen,  does  not  hesitate  to  recall  to 
existence  land  in  tbe  middle  of  even  this  ocean;  this  is  itannforgiv- 
ubleofiTense^it  lays  sacrilegions  bands  on  the  Pacific,  and  thus  attacks 
the  doctrine  of  "permanence"  in  its  stronghold. 

While  the  recent  controvesy  on  Daririn's  theory  was  at  its  fiercest, 
and  both  sides  seemed  equally  persuaded  that  the  truth  was  theirs  and 
mast  prevail,  it  occurred  tome  that  a  simple  solution  might  be  obtained 
by  sinking  a  bore-hole  through  some  well-characteriEed  at«ll,  and  thiu 
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obtehuDg  spedBKiui  of  Uie  nuterul  of  rhieh  it  is  coaiptwed,  dovn  to  a 
depth  coDBideraUr  greater  than  that  at  which  «xaU  are  anppoeed  to 
baOd.  How  would  this  illustrate  the  qnestioDT  AUow  ne  to  employ 
a  fatnoely  Ulostration :  bay  en  of  cheeae  are  not.  I  pranme,  naturally 
iDOTe  raspidoos  than  otbo-  poaons  engai;ed  ia  trade,  but  they  arc 
nnwilliug  to  tmst  too  much  to  mae  ootwaxd  anieaiance ;  tbey 
are  not  inclined  to  adopt  the  argument  which  oomaioided  itself  to 
ChamJRso  in  a  parallel  case,  that  because  there  is  good  cheese  on  tbe 
snrface  it  niut  be  good  cheese  all  through :  cooseqaently.  by  means  of 
a  boring  instrsment,  called  a  seoop,  thef  make  a  bcde  through  tbe 
cheese  and  bring  out  a  core  or  eyliodrical  rod,  ia  which  the  Mveral 
strata  of  the  material,  if  there  be  more  than  ooe,  are  disidayed  in  their 
tme  thickness  anti  natural  jiosition.  The  atoll  Is  our  cheese,  which  we 
propose  to  sample  with  a  oompUcated  kind  of  scoop  called  a  dianxMid 
drill.  Thiit  sbouM  provide  ns  with  a  con  in  which  the  various  layers 
of  the  coral  reef  shoald  be  faitlifally  re|vesented.  Should  I>arwio*8 
theory  prove  OHTeet,  tbe  core  will 
contain  thetenainsof  reef-bofldiog 
fl  corals  as  far  down  as  tbe  reef  ex- 

[■•...  »-— -  tends;  if,  on  tbe  olJker  hand,  Sir 

John  Mnnay's  explanation  makes  a 

—  '-^inx-E-^T'ii       nearer  approach  to  the  truth,  layers 

Il'eou.  r.io  ■  i-i     of  chalky  ooze  win  be  present  at 

'^^_^  ;C«  J .Tfc^fc        depths  greater  than  that  of  the  limit 

.  I';!  of  coral  growth  (fig.  5). 

ji;!  Xo  one  who  has  any  notion  of  the 

IV  extraordinary    tbMonghness    with 

r*|  which  Darwin  attacked  this  as  every 

other  problem  that  be  investigated, 
* '''  will  be  at  all  surprised  to  learn  that 

the  Kanie  eolation  had  already  oecnrred  to  bim,  and  in  a  letter  to  A. 
Agastviz  (May  5.  1S?>1)  he  sighs  for  "some  doubly  rich  millionaire,  who 
would  take  it  into  his  bead  to  have  borings  made  in  some  of  the  Pacific 
and  Indian  atolls,  and  bring  home  cores  for  slicing  from  a  depth  of  500 
or  C*<0  feet.**  As  tU°  wi:ibed-for  millionaire  did  not  appear  to  be  forth- 
coming, it  appeared  to  me  that  tbe  boring  might  be  achieved  in  another 
way,  by  a  method  very  familiar  to  this  association — I  allnde,  of  course, 
to  a  "comniittee"  On  approaching  Professor  Bouney  with  a  saggea- 
tion  to  this  eflect  he  warmly  entertained  tbe  proposal,  and  in  1S91  a 
strong  committee,  including  the  most  distingni^ed  supporters  and 
opponents  of  Darwiu*s  theory,  was  formed,  having  for  its  object  tbe 
investigation  of  au  atoll  by  boring  and  other  means. 

ThroQgb  tbe  '  ~  of  Professor  Stuart,  of  Sydney,  we  obtained 

from  the  govet  '  South  Wales  tlie  offer  of  the  &«e  loon  of 

a  diamond  dril  >p  was  to  select  an  island  for  investiga- 

ticm.    Thiswai  V  task  through  tbe  invaluable  a 
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afforded  by  Admiral  Wharton,  whose  extensive  linowledge  of  coral 
reefs  renders  liim  the  most  formidable  of  Darwin's  oppouentd.  At  his 
Boggestiou  our  choice  fell  on  Panafuti,  one  of  the  Ellice  or  Lagoon 
iBlands,  situated  in  the  middle  of  the  Pacific  (latitude  sp  S.),  seven 
days'  Bail  northward  of  Fiji.  No  better  Belection  could  possibly  have 
beeu  inade.  Not  only  is  Funafuti  an  atoll  of  unesoeptional  character 
itself,  but  it  belongs  to  a  fnmily  of  atolls  all  of  equally  unexceptional 
character;  and  these  again  to  a  eyetem  which  includes  the  Qilbert  and 
Marshall  islands,  all  of  them  excellent  atolls.  So  far  as  these  are  all 
distingnished  b;  the  same  characters,  whatever  may  be  found  true  of 
Funafuti  will  apply  to  all  the  rest 

The  labors  of  the  committee  of  the  British  Association  were  then 
taken  over  by  a  committee  of  the  Royal  Society,  at  whose  request  the 
admiralty  generously  assigned  to  our  assistance  the  Petu/uin,  one  of 
Her  Mfyesty's  gunboats,  commanded  by  Captain  Field,  and  stationed 
in  the  Pacific  for  exploring  purposes.  The  Itoyal  Sooiety  furnished 
funds  to  defrayexpenses,  and  the  direction  of  the  expedition  was  placed 
in  my  liands;  two  volunteers,  Mr.  Gardiner,  of  Cambridge,  and  Mr, 
Hedley,  of  Sydney,  were,  with  my  permission,  to  accompany  me. 

We  joinetl  the  Penguin  and  left  Sydney  on  May  1, 1890,  taking  with 
us  a  boring  party  which  had  been  selected  for  the  work  by  Mr.  Blee, 
the  Government  inspector  of  mines  and  drills.  Its  foreman,  Ayles, 
had  ucqnired  great  repntation  in  the  colony  by  his  success  in  conduct* 
ing  boring  operationsof  exceptional  difficulty.  On  May  21,  after  three 
weeks'  voyage,  we  heard  the  welcome  cry  '<Land  ho!"  and  Funafuti 
was  seen  on  the  horizon.  The  ship  was  steered  for  the  southern 
entrdnce;  this  was  safely  made,  and  we  steamed  into  the  noble  lagoou. 
Flying  fish  spurted  from  nuder  our  bows,  and  zigzagged  in  their  dart- 
ing flight  around  us;  here  and  there  in  the  midst  of  the  blue  waters 
green  and  purple  shallows  marked  the  site  of  growing  coral  patches. 
On  the  starboard  side  lay  the  beautiful  island  of  Funafuti  proper,  its 
pale  sands  ablaze  in  the  light  of  the  tropical  sun,  its  groves  of  palms 
cool  with  a  refreshing  green.  A  boat  put  off  from  the  beach  manned 
by  a  crew  of  copper-colored  natives,  their  black  hair  crowned  with 
wreaths  of  gardenia  and  hibiscus  flowers.  They  were  soon  swarming 
over  our  sides,  bringing  with  them  the  solitary  white  trader  of  the 
island,  who  safely  piloted  us  to  anchor  within  a  mile  of  the  shore. 
Captain  Field  and  a  party  immediately  landed,  and  we  went  at  once  to 
pay  our  respects  to  the  king,  who,  notwithstanding  the  narrow  limits 
of  his  realm  and  the  smallness  of  hiB  nation,  which  numbers  only  some 
240  souls,  we  found  to  be  every  inch  a  king.  His  Majesty  received  ns 
with  gracious  dignity,  led  ns  into  his  palace,  one  of  the  few  stone  hnts 
on  the  island,  and  seated  ns  by  his  side  on  the  dais,  which  consisted  of 
packing  cases.  The  chief  men  sat  round  the  walls  on  the  floor,  and  smil- 
ing damsels,  with  large  black  eyes,  ivory  white  teeth,  and  long  black 
tresses  floating  loose,  shyly  presented  us  with  freshly  opened  cocoanuta 
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to  drink,  a  civility  which  as  iuevitably  attends  a  call  iii  Fanaftiti  as 
the  afteruoon  cup  of  tea  at  Itome.  We  told  oar  errand,  and  received 
pertnisaion  to  choose  a  site  for  boring  operatioiis.  We  then  requested 
that  a  house  should  be  built  for  as,  and  were  promised  that  this  shoaM 
be  done  for  the  modest  snm  of  £6.  The  reception  ended,  we  proceeded 
to  choose  s  site  for  the  boring  and  for  landing  gear,  and  marked  oat 
the  plau  of  oar  house;  it  was  to  measure  15  by  20  feet.  We  were 
aoxioas  to  have  the  building  of  this  put  in  hand  at  once,  and  w^« 
assured  that  it  uhoald  be  ready  for  us  by  the  aftemooii  of  the  next  day. 
The  east  is  supposed  to  be  more  fertile  in  promise  than  performance, 
and  our  expeotatiou  was  that  we  should  see  this  hoaae  when  we  did  Bee 
it.  Judge,  therefore,  of  our  snrprise  when  on  passing  the  same  spot 
the  day  after  we  found  a  Btibstautial  structare  already  standing  there. 
It  had  grown  up  like  Aladdin's  x>alace  in  a  single  night.  The  whole 
population  had  been  employed  on  the  work;  the  men  had  cut  down 
trees  and  shaped  them  into  poles,  sunk  these  in  the  ground,  and  boaud 
them  together  into  a  solid  framework;  the  children  had  been  set  to 
gather  palm  leaves  from  the  forest,  and  the  women  had  woven  these 
into  mats,  which  were  used  to  form  both  the  walls  and  thatch  of  oar 
dwelling.  The  result  was  an  excellent  house  which  serveii  all  oar 
needo,  protecting  us  from  sun  and  storm  during  our  residence  of  nearly 
three  months.  Not  a  nail  was  driven  in  its  construction,  all  the  joiots 
being  firmly  made  with  cocoanut  cord. 

After  contemplating  the  work  with  great  satisfaction  I  left  for  a 
stroll,  and  returning  an  lionr  after  was  aghast  to  find  our  new  honse 
surrounded  with  smoke  and  fiames.  To  my  great  relief  it  turned  out 
that  the  conflagration  proceeded  fh>m  the  snrroanding  bush,  which 
the  thoughtfbl  natives  had  purposely  set  alight  to  prevent  its  taking 
fire  by  accideut. 

The  work  of  landing  gear  and  erecting  machinery  was  set  about 
vigorously.  The  crew  of  the  Pettguin  toiled  all  day  heroically  in  the 
burning  sun,  refreshing  themselves  at  sunset  in  swimming  matches 
with  the  natives.  Progress  was  so  rapid  that  by  June  3,  not  quite 
a  fortnight  after  landing,  the  boring  party  were  already  at  work. 
So  far  all  our  plans  had  been  carried  out  with  expedition  and  success, 
and,  since  "things  done  well  and  witli  a  care"  are  said  to  "exempt 
themselves  from  fear,"  we  may  now  safely  leave  our  miners  iudustri- 
ously  boring  while  we  take  a  walk  across  the  island.  Standing  on  the 
shore  of  the  lagoon  near  the  site  of  our  boring,  it  is  just  possible  to 
catch  a  glimpse  of  the  palms  on  the  opposite  side,  some  ten  miles 
away.  The  beach  slopes  so  gently,  that  although  the  tide  falls  only 
about  5  feet,  it  leaves  a  wide  cxpanscof  sand  uncovered.  This  is  a  per- 
fect warren  of  shore  crabs  (Oatappa),  which  scnrry  along  like  blown 
thistle  down  and  vanish  into  holes  with  mysterious  suddenness.  It  is 
at  night  that  these  are  most  active,  when  they  dig  deep  burrows  in  the 
sand,  casting  up  conical  hillocks  at  the  entrance  nearly  a  foot  high, 
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which  give  tUe  beach  the  appearance  of  a  miojatare  encampmeDt. 
The  Baud  is  the  famous  "coral"  sand;  bnt  on  picking  up  a  handfnl  for 
nearer  inspection  we  are  surprised  to  find  that  it  cootains  scarcely  any 
coral;  and,  so  far  from  consisting  of  detrital  material,  it  is  almost 
entirely  composed  of  the  shells  of  Foraminifera,  two  species  predomi- 
nating, Tinoporus  bac«latttii  and  Orbitoiitea  complanala.  From  speci- 
mens collected  on  other  atolls  by  the  late  Professor  Moseley,  and  pre- 
served in  the  University  Museum  at  Oxford,  it  wonld  appear  that  the 
sand  at  Funafuti  is  by  no  means  singular  in  this  respect,  and  the  term 
"coral"  sand  is  only  another  instance  of  the  "lucus  a  non." 

The  lagoon  beach  ends  in  s  tiny  cliCf  about  a  foot  in  height,'  to  the 
very  edge  of  which  sparse  turf  anil  vegetation  of  a  larger  growth 
extends.  The  land  to  which  this  cliff  is  boundary  consists  chiefly  of 
small  fragments  ofcoral  and  sheila  of  Foraminifera.  Itrisesalittle,8oa8 
to  attain  a  maximum  height  of  3  or  4  feet  above  high-water  mark.  In 
breadth  it  varies  considerably,  and  where  broadest  the  native  village 
BtandK,  with  the  church,  large  onongb  to  contain  the  whole  population, 
all  churchgoers,  the  school,  mission  house,  and  palace.  A  row  of 
graves,  made  tomb  like  with  slabs  of  coral,  runs  down  the  middle  of 
the  main  street.  The  whole  of  this  sandy  tiat  is  covered  with  rich 
forest  growth,  cocoanut  palms  in  all  stages,  from  the  young  plant  just 
s|>routing  from  the  shell  to  the  ancient  of  the  groves,  80  feet  in  height, 
bearing  heavy  clusters  of  ripe  fruit  beneath  its  crown  of  feathery 
fronds;  pa  nd  an  us,  with  its  strange  adventitious  roots  and  trucalent 
8word-8ha)>e<l  leitves,  broken  in  the  middle ;  the  lanrel-like  None 
[Morinda  citri/olia)  and  the  "  Nya "  tree  {Pemphia),  with  its  heavy 
stem  of  hard  red  woo<l  and  delicate  foliage.  Ferns  abound,  and  some 
brightly  colored  flowering  plants;  an  AbvttUm,  which  puts  forth  fresh 
blossoms  day  by  day,  ;ind  a  handsome  bean,  which  trails  through  the 
forest,  bearing  targe  heart-shaped  leaves  and  heavy  racemes  of  lilac 
flowers. 

The  great  robber  crab  (BtV(;»«),  which  feeds  on  cocoannts  and  pan- 
danus  fruit,  is  at  home  here,  and  may  be  seen  climbing  the  cocoa  palms 
by  night.  Other  land  crabs  scramble  through  the  fallen  palm  leaves 
which  thickly  strew  the  ground.  Many  of  these  are  of  the  hermit 
kind,  and  oneof  them  has  a  curious  habit  of  croaking  like  a  frog  when 
cai>ture<l.  But  no  part  of  the  island  is  free  from  land  crabs.  Like  rats 
and  mice,  they  are  the  nniversal  B<;arengers.  They  nndermined  our 
house,  attacked  our  tinned  provisions,  and  one  could  not  sit  down  to 
eat  a  cocoanut  without  some  of  these  weird  creatures  gathering  round 
to  pick  up  the  fiillen  crumbs. 

As  we  contiane  our  i)assagc  across  the  sand  the  scene  rapidly,  even 

'Thin  applies  to  ttaut  part  «r  tbc  iaIcL  on  which  out  hoDse  nM  bnilt.  In  some 
places  more  couaidernblo  cIiITb  aro  met  with,  e.  g.,  od  one  of  the  northern  lalete  of 
Fansfnti  cnlleil  Amatiipu,  where  n  conglomerate  of  coral  pebbles  form  ateep  facea 
Mme  6  feet  or  more  in  height. 
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M  tkccn  bj-  •  ,R«*M»,»'  gwvwxh  ot  -  Sn~  Ucck.  wfaoae  stnbbom.  ooa- 
tMUd  tr-.:.u.  ftt^xigtr'.j  M  TarikBce  «itk  tk«m-  Aanty  faiu^e,  bar  tbe 
vaf .  :rXTngg',:t»s  lkn>-^>-k  tb(«e.  oee  ^tc»  ^a*  >  nrm^  plain  -•  bor- 
nd~  Vila  r^gc^  fra^Bi:^':*  of  bUekcaed  eonl  a*d  caBliered  bere 
at.4  tLerc  Ti*.!i  fane*  bAv:ii«r>  '^f  cmsI  rock  so^w  tasa  is  vciglat.'  At 
Iw  waur  ;liu  de<«iaifr  r«^«  »  Arj  and  b«i«s  m  tfce  san.  bot  as  the 
bd«  rMe>  tea  vai«r  o>'»*  ::p  tbrnQ«k  hale*  ia  the  gnMBd  aad  oorers  it 
■ith  •ii^:<rv  pool*-  Fr«  asia^ab  Utv  ia  this  dMcvt.  Spido^  that 
iof^i  :L«  -  Nya'  trees,  a^  »oeqiiitoe«.  that  be  greedily  in  wait  by 
da^  a*  vfrll  as  nifibL,  are  ibv  chief  that  1  bear  ia  aiad.  Praeeedia^ 
lenzlhvirc  aL>:ig  thi^  |>U:d.  vhxfa  h«s  in  the  anddle  of  the  island,  it 
tjfjatlei','*  oat  ao<l  pai>«es  ioto  a  anddy  swaap  planted  by  tbe  natives 
vitb  taio.  a  d^il'-Nios  sab^iiiate  fur  pot^toet.  — d  baaanaa,  vhich  one 
■till  reilectA  opijo  vith  i>)*-a5iire.  Thar  frait  vas  oar  chief  luxury,  and 
we  villinsly  {laid  fur  it  at  tbe  sumevhat  exoibitaBt  pneeof  4  fatlKHua 
of  calico  a  boDch. 

Farther  oo.  Wyoud  the  plantaitou.  tbe  depressioa  beetMoes  still 
vider.  fomiiug  an  eiteD^ire  flat.  i<anly  ■aigiued  by  Mangrove  trees 
and  Hil/tAcm*.  Tbi^  va.*  toowD  to  as  as  tbe  ■aagrore  swamp^  It  is  an 
ii)tere>tiu^  comerof  tbe  it:lai>d.  The  doorrefHeeents  the  upper  surfoce 
of  a  deal  coral  reef,  composed  partly  of  preai  masses  of  PorUa.  Tbeir 
flattened  .^amniits.  standing  soa>e  ?( or  10  inches  above  the  floor,  give 
tbem  the  apptiarance  of  a  rov  of  stepping-stoocB  and  mark  what  was 
tbe  level  of  tow  tide  at  tbe  time  tbe  reef  was  Uvinp.-  Radiating  from 
tbeae  blcwks  ai:  from  a  nacleas  are  vertical  plates  of  the  ''blse  ooraP 
>Hrlii'p<traeofrm]ea:-Khieh  extend  oalward.  branching  as  tbey  go,  for 
a  distance  of  3  yards  or  more.  Overlapping  tbe  reef  lies  alayerofcon- 
soliilated  <-oral  brM'cia.  It  has  coffered  mach  from  erosion  by  the  sea 
aod  bouD<Uthe  inoerside  of  the  depression  inclilb3<v4  feet  ■  a  height. 
A  sbe<-t  of  clt-ar-  green  water  rovers  tlie  swamp  at  high  tide,  convertiDg 
it  into  a  shallow  lake,  nfaich,  as  the  tide  falls,  empties  itself  thioagh 
dee|>  failles  iu  the  door  into  snUterraneaa  passages,  which  freely  commii- 
nii-ate  with  the  outer  sea.  Tbe  northern  end  of  this  depression  ia  closed 
by  coral  breccia  and  over^nowu  wiib  mangroves,  bat  ^ther  on  it 
recommences  and  extends  tbroiigh  the  remainder  of  the  itdaDd,  almost 
as  far  as  its  northernmost  extremity,  forming  a  discontinnoas  narrow 
trongh  b<irdered  by  steep  cliffs.  This  trongh  and  tbe  depression  to 
which  it  belongs  owes  its  origin  in  some  d^jee  to  solution  by  sen 
water. 

We  have  deviated  from  our  walk  acntss  the  island  to  follow  tbe  coarse 

'One  "f  the**  me»eare"i  6  feel  by  r,  fe*l  lij-  t  fe,-(, 

-Tbr  lasl  epi^xle  in  the  bi^lory  of  the  i$l.-iu<l  appFira  tu  h>T«  been  %  ilight  «leva. 
tion  of  •ome  4  or  .'>  fett;  at  li-.-ist  I  iras  liil  tolhi>  oiDclDsion  fromeviitencefnriiiahed 
by  tbi-  '•d^-'  ~"f  "f  tbe  mansTove  airaiKit.  by  ihe  '■»•  stacka"  orpiunkclea  of 
coral  rag '  'form,  ami  b;  ihc  sin'ii  cliiU  whicli  in  aome  of  tbe  ialeta 
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of  its  central  depression.  Let  ns  now  retarn  and  resume  oar  traverseb 
The  blackened  fragments  of  coral,  resembling  nothing  so  mnch  as  the 
clinkers  of  lava  which  camber  the  slopes  of  Etna,  continne  seaward, 
and  ue  loosely  piled  to  form  a  gently  rising  ascent — so  loosely  piled  that 
they  often  topple  over  at  a  tonch  and  afford  very  uncertain  or  even 
dan^roos  foothold. 

Walking  circumspectly,  therefore,  up  the  slope,  we  soon  reach  the 
summit  of  a  long  ridge  and  find  ourselves  looking  toward  the  Andes, 
some  thousands  of  miles  away  over  the  broad  waters  of  the  Pacific 
Ocean.  We  stand  on  the  top  of  the  "storm  beach,"  the  loftiest  region 
of  oor  island,  at  the  imposing  altitude  of  10  or  even  15  feet,  according 
to  the  state  of  the  tide.  On  the  seaward  face  the  storm  beach  descends 
somewhat  rapidly,  and  near  its  foot  a  sheet  of  hard  consolidated  coral 
rag  emerges  from  under  it,  to  form  a  geutly  sloping  platfbrm,  over  vbich 
the  title  ebbs  and  flows.  In  places  this  tidal  platform  rises  in  low  cliffs, 
ridges,  and  pinnacles '  of  fantastic  shape,  but  for  tbe  most  part  it  pre- 
sents itself  as  a  sheet  of  limestone,  smoothed  and  polished  by  the  wear- 
ing action  of  the  waves.  For  about  50  yards  from  its  seaward  edge  it 
is  hollowed  into  a  broad,  shallow  depression,  not  deep  enough  to  be 
called  a  channel,  and  Anally  swells  into  a  narrow  rounded  rim  formed 
by  the  growth  of  a  pink-colored  calcareoRS  seaweed  known  as  Melobetia, 
Beyond  this  rim,  which  projects  above  tbe  sea  at  low  tide,  lies  the 
growing  surface  of  the  reef,  which  is  constantly  submerged,  so  that 
under  no  circamstances  are  the  corals,  which  thickly  cover  it  at  any 
time,  exiK>8ed  to  the  air. 

Deep  chasms  gash  the  edge  of  the  tidal  ptatfortn,  the  contitmation 
inland  of  the  lanes  of  clear  sea  which  wander  through  the  growing 
reef;  in  these  chasms  a  few  <«rals  may  generally  be  found,  their  polypes 
sometimes  brilliantly  colored  and  in  full  expansion. 

The  calcareous  alga,  previously  alluded  to  ns  Melobesia,  forms  the 
lips  of  these  chasms,  and  by  its  Inxnriant  growth  may  more  or  less 
completely  roof  them  over,  generally  leaving  one  or  more  apertures, 
which  act  as  blowholes- 

The  ocean  side  uf  the  reef  is  one  of  the  pleasantest  parts  of  the 
island;  a  cool  breeze  almost  always  blows  there;  and,  under  the  wel- 
come shelter  of  tbe  palms  and  pandanns  which  crowd  the  summit  of 
the  storm  beach,  one  may  watch  the  beautiful  and  impressive  spectacle 
below;  the  ocean,  of  a  deep  majolica  blue,  rolls  inward  in  majestic 
waves,'  which  sndtlenly  grow  gigantic  as  they  approach  the  shore, 
towering  in  a  wall  of  water  above  the  reef,  and  then  spring  with  a 
fUrions  roar  into  a  coufiision  of  white  foam,  which  seethes  about  the 
madder-tinted  margin  of  Melobetia,  rashes  through  the  chasms  of  tbe 
tidal  platform,  and  often  spouts  up  throngh  the  blowholes  with  sudden 
and  explosive  violence,  like  a  kind  of  marine  geysers.  It  is  only  on 
calm  days  that  the  extireme  margin  of  the  reef  can  be  approached  with 


<  See  note  1,  p.  400. 
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nfetr.  Soch  is  tkc  violeMe  oT  the  brokers  that  tke  tidal  pUtfwm 
preaents  the  appearuce  of  aa  almost  tiMsBS  dosst:  a  few  green  and 
brovn  seavMda,  little  fish  dartiae  ia  the  poola,  oecasioiial  sea  auuls 
with  deoM  skelb.  and  a  few  hermit  «tabs  heavih-  armwed,  ant  all  tliat 
■B  3«en  at  fir»t  gtaocc  All  the  iuhatHtaat*  ef  the  tidal  (datfarm  seem 
to  BtaiMl  IB  dr«ad  of  the  sea;  even  the  aetiTC  shore  crabs  {Grmptmt)  are 
afraid  of  ii.  and  only  vmtare  la  whea  iaapiied  by  Ocir  peatg  temH' 
of  the  haauui  form:  er^  ihm  they  Hiag  teaanoaalj'  with  their  atany 
legs  ekee  tu  the  nd«  of  the  rockj  shave,  aad  sidle  aff  to  land  direetly 
they  £kBey  the  eaemy's  b*ek  is  tniaed. 

The  obserrer  who  tT««t«d  to  first  impneaioaa.  aad  jadged  the  plat- 
farm  by  its  ooier  a«imt.  woaM  bJi  iaio  f^ieToas  emr;  it  is  by  no 
fceaat  so  dead  as  it  mfemr.  Oa  breakiBg  off  a  iiagft  vtth  a  hammer 
a  aew  world  of  lile  is  lercaled:  the  rock  Is  taaBelrd  thios^  and 
thnrnjch.  as  ctoaety  as  it  i^aa  be  uiaed.  by  a  Taiiely  of  ^aimilw.  which 
haw  takea  to  an  ondergrnxuid  life  as  a  protectiaa  agaiart  the  an; 
worms,  sbeiifish.  erab«.  sea  strains,  awl  baraades  are  to  be  fcwad  ia 
tbeae  $abterTao«an  dwellio^:  they  coasctate  a  specialised  £aaaa  at 
■tarine  tro^aiytei^  «hk-h  mi^ui.  if  we  wijhtd  to  add  to  the  bviilea  «f 
iMMueov-Iaturei.  U-  de:>i^aied  tise  "  Cry ptoae.~ 

After  this  brief  •le^rnptioo  of  the  A[ietfta>l  faaians  «f  the  acoffl  w« 
may  m^xt  e;:d««Tor  to  trM«  the  hL>iory  of  that  part  of  it  which  riaes 
abure  (Im'  s«a  and  properly  coosttcoies  (be  laad.  The  sheet  of  haid 
coKtl  nx-k  whx-ii  we  mrtitioBed  as  m>p(iiaf  oat  I 
beach  t^an  be  trsced  into  the  i..;erTi>f  of  the  i?laad.  whi 
door  of  the  ceoiral  de:>re6i>:<.>a :  mad  stpua  to  the  I 
eaier^tti  to  form  the  t!-^ir  o;'  the  tk^o'B  aad  ia  aaa;  places  the  beach 
or  as  wvli  eivn  a  low  lice  of  eli~3~  Id  the  bnle  i>iet  of  Para,  aanh  ^ 
Fanania.  it  is  seen  to  extend  eoDticGoo^jlT  from  aae  side  of  the  laad  fia 
the  iKher — &v>ai  the  weaa  to  the  Ls^^ooo. 

We  n:ay.  chererVre,  tii^'.j  voc<:l-id*  that  this  sheet  of  rack  ioKms  A* 
solid  !xi^w  o=  whx-h  :he  lacd  abuve  it  re^«&.  U  is  vompoaed  maiaiy-  of 
slibt-  of  eoraL  Ijiaj  Ef.»t  i\iize  V>tl;iH::A'y,  b«l  « 
t:!e*  of  s  rood  w;:u  ii  >I:^t!  iavIiEition  i 
the  reef. 

Tber-e  ^a^rmeDti.  h^ve  <rT:cira:lT  beea  cerived  Avm  the  oate 
growing  «)c-aL     BctV'ce  :.!«  ^isd  as  it  3ow  exi-^ts  a 
were  :u4.'e#jiaa:iy  euja^ed  :=  :eart-f  vs*  fra^^ieats  t 
and  dnri- ^  ihem  aL-rv6»  ;!ie  reef  ti:to  the  Li^vwa  till  a 
dtbri;>  was  the  retjcll.     Tlii:^  bee-jn:e  ci.'CS(^>t:tiaied  as  it  fa 
by  tiie  STowta  of  iaensd::^  cal^-arevtL*  a^^.  aad  now  far 
door  of  :lie  Lslacd, 

Xa.-'i^if  '.'f  bc.'iea  -xrals.  tcrs  aa  anii  iir-.v«i  "iiliad  by  t 
condoned  :o  art-  -^  -Hf  i'cmAZi'^a  vi  :a*  Asar:  ai 

great  t.Ie  or"  r»'  a-j  i^.ttiis  ;he  scona  beach  h 
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On  the  other  side  the  wavelets  of  the  la^ooii  have  washed  ap  smaller 
fhkginents  of  coral  and  foramiuiferal  shells,  and  thas  the  strip  of  land 
which  borders  the  lagoon  and  on  which  the  village  of  Fnoafnti  stands 
has  been  prodaced. 

The  middle  of  the  island — the  great  central  depression  inclnding  the 
taro  ground  and  the  mangrove  swamp — is  the  remains  of  the  original 
solid  platform  left  exposed  between  the  storm  beaoll  on  the  one  band 
and  the  lagoon  land  on  the  other.  Thus  all  that  portion  of  Fonaliiti 
which  stands  above  high  tide  has  been  caut  ap  from  the  ocean  and  the 
lagoou,  and  this  beautiful  island,  like' another  Aphrodite,  has  been 
born  with  the  foam  ^m  the  waves  of  the  sea. 

If  this  he  the  true  history  of  the  island,  liow  then  did  it  acquire  its 
iuhabitantsT  Bid  they  climb  upward  like  the  corals  as  the  island 
was  submerged  or  did  they  arrive  aa  flotsam  and  jetsam  of  the  seat 
As  regards  the  natives  there  can  be  but  one  answer — they  came  by 
boat.  In  former  days  the  Polynesians  possessed  excellent  seagoing 
craf^  in  which  they  were  accustomed  to  make  long  voyages,  steering 
by  the  stars  and  other  signs  in  the  sky.  They  well  knew  bow  to  pre- 
serve food  by  drying,  and  thus  had  no  difficulty  in  provisioning  for  a 
cruise.  The  routes  they  followed  iapassing  IVom  island  to  island  are 
gradually  becoming  known  to  us  and  have  been  indicated  on  a  chart 
by  Professor  Iladdoii.  Considering  the  remarkable  similarity  of  lan- 
guage which  characterizes  all  Polynesia,  from  New  Zealand  on  the 
south  to  the  Sandwich  Islea  on  the  north,  there  can  be  little  doubt  that 
the  migrations  of  these  peoples  must  have  taken  place  comparatively 
recently,  and  judging  from  tradition  one  might  conjecture  within  the 
last  seyen  or  eight  haudred  years. 

Thus,  long  before  the  illnstrionB  townsman  of  this  city,  John  Cabot, 
had  anticipated  Columbus  in  his  famous  voyage  to  America,  these 
navigators,  whom  we  libel  with  the  name  of  savages,  were  venturing 
on  eqaally  arduous  explorations  with  still  more  imperfect  means  at 
their  command.  It  was  not  often,  however,  that  long  voyages  of  over 
a  thousand  miles  were  made  of  set  purpose;  too  frequently  they  were 
the  result  of  accident,  as  when  frail  canoes  were  overtaken  by  a  sadden 
storm  and  driven  at  the  mercy  of  the  winds,  sometimes  to  perish 
miserably,  sometimes  by  good  hap  to  land  on  nndiscovererl  shores. 

The  Funafuti  people  seem  some  of  them  to  have  entered  the  island 
with  intent;  others  are  mere  waifs  and  strays  cast  away  by  shipwreck 
on  the  reef.  The  prevailing  stock  is  Samoan,  with  an  admixture  of 
Tongan.  In  bygone  times  the  Tongans  used  to  make  periodical 
descents  upon  the  island,  after  the  &shion  of  the  Vikings  in  early 
Engliah  history.  The  Tongana,  however,  came  not  only  to  kill,  but  to 
eat  their  foes,  a  proceeding  not  wholly  nnintelligible  among  a  people 
who  knew  abeolntely  of  no  other  kind  of  meat.  In  justice  to  the 
copper-colored  racea  of  Polynesia  1  hasten  to  add  that  cannibalism  was 
seldom  the  custom  of  thia  folk;  wherever  it  is  met  with  it  may  be 
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taken  to  indkmte  tbe  infliMDee  of  Mack  blood.  So  Cu-  u  ve  knonr 
'■n"-'V*«  an  almost  alvay*  Uack  peiqile. 

Betnraing  to  the  boriDg  pairtj.  vhiek  ve  left  bosily  ragaged.  For 
nearif  three  weeks  they  wtvked  bj*  shifts  amtinuooEij  night  and  day, 
bat  at  the  eod  of  that  time,  vbcn  the  bore  hole  was  oBly  105  feet  deep, 
their  most  aidooas  dTorts  &iled  to  advmaee  it  briber.  The  diffieoUies 
opposed  by  the  Datnre  of  the  proand — a  miztnre  of  floving  sand  and 
obdurate  bovldera— were  such  that  ooUier  the  good  will  of  the  work- 
men nor  the  ingenuity  of  Ayles,  the  foreman,  oonld  oontend  against 
thm,  and  there  was  no  altematiTe  but  to  abaadoa  the  sndotaking. 

Thinking  that  tbwe  might  be  a  bettra-  prospect  (rf'  snecev  on  Uie 
ocean  side  of  tbe  reef,  we  deterwoed  to  aiake  a  fresh  attempt  there, 
aod  in  two  days,  witboat  tbe  bdp  of  wbeds  and  in  a  coonby  without 
nad&,  we  succeeded  in  transporting  tbe  bulk  of  onr  35  to&sof  nUKbincaT' 
acrosB  tbe  island  to  a  fresh  site.  The  new  boring  oomaMoced  in  bard 
rock  and  at  first  deepened  rapidly.  Before  fong,  however,  it  entered 
a  mixture  of  sand  and  bowlders  similar  to  that  we  bad  jweTioiisly 
encountered,  and  after  altainJDg  a  depth  of  72  feet  further  progress 
became  impossible.  We  left  the  island  on  Jnly  30,  and  od  reaching 
Fiji  bad  tbe  mortifiation  to  learn  that  we  had  passed  on  the  way  a 
ship  coming  to  oar  assistance  with  a  fresh  saj^y  of  machinery,  wbidi 
oar  friends  in  Sydney  had  promptly  dispatched  on  bearing  of  oar 
difficulties. 

Our  attempt  to  penetrate  the  reef  had  proved  a  &iliire,  bat  it  was 
not  wboDy  witboat  resolt.  It  had  revealed  the  nature  of  tbe  material 
with  which  any  Kabae«)aent  attempts  at  boring  would  have  to  oootenfl, 
and  it  bad  added  4Mie  more  surprise  to  the  history  ttf  atolls,  for  no  one 
bad  suspected  that  for  a  depth  of  over  100  feet  the  island  would  be 
found  to  consist  of  more  sand  than  coral,  or  in  otho-  words,  that  tbe 
organisms  which  play  tbe  chief  part  in  the  constmctiou  ot  a  etxal  reef 
are  not  coraK  bnt  Foraminiferal 

The  expedition  had  other  objects  in  view  beeidee  boring.  The  next 
in  importance  wad  tbe  investigation  of  the  atoll  by  souoding.  This 
was  accomplished  with  complete  snocees  by  Captain  Field.  Other 
atolls  bad  been  sounded  before,  but  never  b^Mv  bad  an  at«dl  been 
8onnde4  with  «ach  accuracy  and  oompletoiess  as  was  PunaAiti  on  this 
occasion.  The  form  of  the  floor  of  the  lagoon  was  made  more  exactly 
known  than  that  of  moat  li^es  in  tbe  British  Isles.  The  slopes  of  the 
danksof  the  atoll  were  determined  in  four  diOioeat  directions,  approxi- 
mately at  rigtit  angles  to  each  other  aod  running  about  nc»th,  soutJi, 
east,  and  west  A  study  of  these  enables  us  to  frmaie  a  clear  picture 
of  the  general  form  of  tbe  atolU  It  is  a  ocHiical  mountain  with  an  oral 
bade  situated  at  a  depth  of  abont  2.000  fathoms,  measuring  30  miles  in 
leogftb  by  28  ir  It  rises  at  tirst  with  a  very  gwtle  slope,  bat 

gradually  gro'  it  ascends  (flg.  6)  till  at  a  depth  of  400  or 

500  fathoms  it  '^t  precipitous  fitces,  and  above  130  to  140 

lathoms  is  en  lost  vertical  cli&  of  Chamiaao's  *<table 
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moantaiii,"  which,  as  he  rightly  divined,  is  of  n  similar  uature  fVom 
base  to  summit.  All  this  is  coral  reef;  bow  much  more  may  be  so  it  is 
impossible  in  the  present  state  of  our  knowledge  to  say. 

The  general  feeling  of  disappointment  with  which  our  failure  to  bore 
through  the  reef  was  received  was  ftilly  shared  by  our  friends  Id 
Sydney.  Determined  not  to  be  put  off  with  a  first  rebaff,  they  promptly 
commenced  to  make  arrangements  for  a  second  attempt,  and  last  year 
(1897)  an  expeilition  again  left  Sydney  for  Funafuti,  this  tim%iinder 
the  direetiou  of  Prof.  Edgewortb  David,  of  the  University  of  Sydney. 
Under  his  leadership  the  boring  proved  a  complete  success.  The  reef 
was  penetrated  to  a  depth  of  097  feet,  or  116  fathoms.  Thus  Darwin's 
wish  has  now  been  more  than  satisfied.  The  core  brought  U[>  was  sent 
over  to  this  country  and  is  now  in  the  hands  of  Professor  Judd  for 
investigation.  Till  he  has  completed  liis  rei>ort  it  would  be  prematnre 
to  enter  into  details,  but  from  a  general  examination,  made  without  the 
aid  of  the  microscope,  I  think  I  may  fairly  venture  to  say  this  much : 
That  the  material  brought  np  from  the  boring,  and  of  which  the  reef  is 


composed,  presents  mnch  the  same  general  character  throughont  and 
80  far  supports  Darwin's  theory ;  that  layers  of  chalky  ooze,  such  as  on 
Sir  John  Murray's  hypothesis  we  might  bave  expected  to  lind  in  the 
lower  parts,  are  conspicuously  absent;  and  finally  that  it  presents  no 
trace  of  volcanic  material. 

On  whatever  side  judgment  may  ultimately  be  given  in  this  question, 
the  thanks  of  the  scientific  world  must  undoubtedly  be  conceded  to  Sir 
John  Murray  for  having  disturbed  a  decided  opinion  from  its  slumber, 
for  having  awakened  a  fresh  interest  in  Darwin's  theory,  and  in  thus 
leading  to  renewed  investigation,  which  is  both  adding  to  onr  knowledge 
and  saggesting  fresh  inquiry. 

The  sand  showing  little  trace  of  consolidation,  which  was  noticed  in 
oni-  boring  down  to  100  feet,  is  maintained  in  Professor  David's  boring 
down  to  about  100  fathoms,  and  it  is  not  a  little  remarkable  that 
material  so  loosely  aggregated  should  be  able  to  sustain  itself  in  slopes 
of  as  much  as  80°,  such  as  characterize  the  flanks  of  Funafuti.     It  is 
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nporteat,  W««T«r.  to  otMerre  Aat  aoM  af  tke  banses  T«c  ■ 

CMiBond  OB  tke  iBgooB  aadc  of  the  trvee 
ihty  h»TC  Jfcended  the  ■ore  ra»o<«  they  fc>T»  heiwg  ft—  tl»  n  wn 
Oamka.  The  poasibaitr  exnt^v  *Bd  AamiA  m«  be  eTiffhiliA  thM  • 
gnst  part  of  the  naterial  piMtd  thnagh  ia  the  bac  hain  lepnacatt 
defwettB  of  the  LagwM  aa4  ef  Ae  ftaeoc^OT  d^^tew  AtncB  —M<  tt 
t^  the  broftkcn. 

It  viU  be  otNcrted  that  Ft<>fcaMir  nsTif »  bn  hale  4aea  aac  Znr- 
«ne  the  whole  thickaew  of  the  table  — tif:  ja^cnie  ft^K  A» 
aBaiM!i=^3.i(  woa:<i  have  w  •£«ate»i  ^*  ac  3*  falhawa  fcepg  »  **  tfciak. 
and  :t  wuold  ««ib  Uktij  th;U  the  ■•csul  nbrtmrj  bwm  tha»  tef«  3* 
•«  :V  £m1io^  b:^Ii:  III  I  [laiiii  ta  isMiat  Ail  the  laaC    Oar  IrmmAi  im 


Sidney  fsUr  spcTwiiUe  Chi:*,  and  aiv  w  ^ent ««  ptabia^  ths  ^bbk 
to  ta«  iia!«»«  ct;u  ther  have  atready  •irspaSeactL  al  pcac  paaaai 
rt*^  aa  exp«(i::'.<'a  :o  ik^*  a  :iiir\i  »£cmpc  oa  Fsaafo*:!.  aa4  Oat  g 
Bi>  earty  ii*  S»re  i.-.«  r.ji:  sarao^  ;he  tAOue  »n*wr>fmi 

nc  c*.'r.=^  portT  b  at  ;iiL^  noMen:  a:  ««n  aa  :he  a 
9u;;t  w«is  ^-.e  «i:iri<e4  w«  but  csp«ct  W  tecni*  s 
^•l-vcib.    a  |r7«as  *crce  wiZ  t&.*n  kAT»  bwea  i 
li^c^miaAOL-a  of'  :1k-  '>:<:g-<uac  :l£  cmawsyaa  Atmripn  af  aauLi^ 

We  eiiferly  a**:;  li*  nfsal':.  wijirfl.  »^I  aixa  aa  ahirtat  -suKat 
<mlstL  tKiRUX-  :&A^>i>  tnt  ascws;  tmi-  i;«  *i  'ntui  voaA  hove  f  Oni^M 
bvsMiEA  cte  jKtt  .KL>i  are  Koevji^  :Ii<«r  yijoa.  ar  i 

~iA«v  ivar^tfiy  5«c  ^iDKwc-Mi  li  :ii>!-^  xrt^jt  lywtri  ai  ibe  Ji^ac  <^ 
>'^7:  vJ>^j*^r  liify  Are.  is  J.ki  Siea  -(u-'Z.  -a  jy^'iwi  ua£  ^^^baad 
•.■c'Na^xtv  .*•:  :i]tf 'Oi:  .-<:' 1*111  t-tfl.  3*uia<i-''-.'rn«n»r':3(H3iu7  -mc  m  a 
vTvara  'C  •-.■rtjcy  j?'  *i  :^  i  ;'M:iLrLJ  »<t.iiii  '  ja  i*^  ins  «abfpBK  if 
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OCEANOGRAPHY.' 


By  M.  J.  Thoulbt. 


A  new  science  bas  lately  made  its  appearance  and  is  beginning  to  be 
recognized.  To  be  exact,  it  is  not  absolutely  new;  it  is  nearly  two  cen- 
tories  old  iu  its  well-deflued  aim,  its  methods  of  investigation,  ita  known 
laws,  tbe  indication  of  possible  discoveries  wliich  remain  to  be  accom- 
plished ;  in  a  word,  in  its  individuality  as  a  didactic  science,  bat  until 
very  lately  it  was  tbe  object  of  individual  research  only,  and  aa  it  was 
studied  but  by  a  few  specialists  it  remained  almost  unknown  to  tbe ' 
public. 

This  science  is  oceanography.  Its  purpose  is  to  ascertain  the  phe- 
nomena which  are  going  on  in  the  depths  of  that  immense  mass  of  water 
which  covers  more  than  tbree-fourtbs  of  onr  globe,  to  consider  them, 
explain  them,  discover  and  formulate  the  laws  tbat  govern  them  on  tbe 
surface  and  at  the  bottom  of  those  abysses  which  were  once  supposed 
tobeuufatlioinable— at  the  time  when  people  believed  in  the  unfathom- 
able. To-day  oceanography  is  progressing  with  giant  strides.  All  mar- 
itime nations  contribute  to  its  development,  no  less  n-om  tbe  theoretical 
I>oint  of  view,  for  its  great  benefit  to  the  human  mind,  whose  right  and- 
duty  it  is  to  seek  to  know  all  things,  than  from  tbe  practical  point  of 
view  of  tbe  material  advantages  to  bo  derived  fi?om  it;  for  tbe  contest 
between  man  and  nature,  growing  always  more  severe,  makes  it'  imper- 
ative that  no  force  be  left  unproductive.  France  established  ocean- 
ography. She  made  important  discoveries  and  then  stopping,  left  the 
care  of  contiDuiog  the  work  to  others,  forgetting  eveu  those  of  her 
cbildren  wbose  attainments,  unnoticed  by  her,  were  elsewhere  seized 
upon  and  utilized.  Now  that  foreigners  have  made  an  advance  which 
it  is  impossible  to  ignore,  she  seems  to  be  aroused  to  a  regret  for  tbe 
time  and  territory  lost.  She  is  certainly  in  a  position  to  promptly  regain 
both  if  she  desires  it. 

We  intend  to  explain  of  what  oceanography  consists,  to  show  its  direct 
relation  with  other  sciences,  its  theoreticul  and  practical  utility;  we 
shall  give  a  short  history  of  its  progress  from  its  beginning  until  tbe  time 
when  it  became  a  complete  whole;  a  clear  and  systematic  ex)M>sition 


■Trauslated  from  the  RevDe  dea  Deiii  Mondei,  Vol.  CXLVI,  pp.  897-921. 
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of  bete  earcAiDy  eoaadond  aad  daodated.  We  skall  amj  •  few 
words  coDccraiDiE  what  kma  been  dooe  iu  tku  Ine  of  tbooght  I7  diffiv- 
«it  astioiis.  witk  the  cfaaracttr  whick  tkor  peeoliar  teBpcraaMnt,  the 
conditioDS  of  tbeir  p«i$t  sod  of  their  pf«WBt  have  circa  to  their  wock. 
Id  Etct,  just  fts  the  acta  ot  tmek  Msa.  pkjraeal  as  veil  ma  moral,  are 
marked  with  tbc  special  tBprtat  of  his  petM»ali^  so  id  the  doHuin  of 
scieiKe  every  nee  etaaps  its  work,  the  product  of  its  coUeedTe  iotel- 
Ugeocc  with  an  impress  pecaliar  to  it.  which  eoastitales  the  very  eoacnec 
of  its  gcnJD&. 


OoeaDography  is  the  stodj-  of  the  sea.  Static  cceaai^raphy  deals 
with  salt  water  considered  indepeodently  of  the  Boraaeats  which  an 
■anifested  in  it:  it  treats  soocessiveljr  of  the  topo^rapfaf  of  the  ooean 
beds  aod  of  tbor  fi«atatioo,  their  litltoloey.  It  aiialj»»  the  waters, 
their  com  [MusitioQ  and  their  inflneoce  od  the  natore  irf  the  depths,  their 
DOBeroas  phyaioal  properties,  the  eSoct  00  them  caaaed  by  ehaages  of 
lemper-itnre,  their  density,  their  rogiprassibility)  the  way  in  which 
.li^bt  is  diffused  throogbont  the  Riperposed  sumCs,  and  the  differoit 
opti<-al  pheoomen^  The  tee  ol  the  polar  regioo  offera  sabject  ^attw 
for  a  chapter  on  the  effect  of  cold  on  the  scl 

In  dynamic  oceanography  the  ocean  is  studied  in  motioo.  We  st»dy 
tiie  wares,  which  more  the  surface  uoder  the  indaenee  of  the  wiad.  and 
the  corrent^  which,  like  the  n^workof  oar  arteries  and  rans,  traverse 
its  nukss  to  a  certain  depth,  and  i«$u)t  trom  the  simultaoeoo^  actioos 
of  btrat.  evaporation,  tbe  topography  of  the  i«a  bottom,  the  geof;raphie 
configuration  t^  the  Bumtumiing:  c^tutiuents,  tbe  climate,  tbe  force  of 
the  winds;  in  a  vord,fri>m  the  uxal  of  e:iienor  causes  which,  whatever 
they  mny  be,  all  exert  »>iiie  iuduence  and  in  torn  are  inflaeDced — a 
constantly  rea-urring  cyclic  of  chan^  w'noee  ee&iatioa  would  faring 
instant  death  to  our  planet  as  the  last  beat  of  tbe  hnmaa  heart  tctaii- 
itate^  the  life  of  the  Ix^y.  Dynamic  ocetiuography  also  ioclodes  the 
s:adyof  the  tides.  who?«  rhythmic  movenieut:^  acvocd  with  those  (rf'tbe 
stariK.  and  tbe  evamiuaiioii  of  tinvse  processes  by  whi^  the  dclMisof 
thei-ontinent&.  swept  olf  l^y  vii.ils  or  wasiied  away  by  rivers,  icaeh  the 
great  comiiK>n  re.-«rvi>ir.  are  diflased  thnMi<:h«ut  its  watos,  descead  in 
a  ^ho<re^  to  the  very  lowest  d^j-ilis.  and  there  accamnlale  to  form 
rocks  like  the  gn-4ier  ]>art  of  ilio^se  which  ve  find  now  oo  oar  eoatiiieots 
and  which  forroe^l  tbt-  Kmom  of  the  octMiis  of  foraier  ages.  It  deals 
with  the  pbenomt-na  that  resalt  fn>[u  iht-  cnniact  between  sea  aud 
laud,  seeki^oiit  the  laws  vliiih  •-oinrol  ibe  formation  of  deltas  or  of  tbe 
bars  whi<b  eslf-ml  across  the  nx-itihs  of  rivers,  the  filling  op  of  estua- 
ries the  way  •" *••-'>  waves  and  currents  shape  the  roatours  of  the 

sfaores,  (loi  iml  those  nuMlre)>oric  formattoae — atolls  "^ 

coral  isl;in.  f  orpinic  life  over  inorganic  anttn-,  of  the 

infinitely  s  V,  over  the  iiilinitely  powerftd. the  own. 
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Oceanography  has  to  do  then,  directly  or  indirectly,  with  a  multi- 
tude of  scieuces  and,  more  than  any  other,  with  geology.  The  present 
is  at  the  same  time  the  key  of  the  past  and  of  the  future,  especially  in 
natural  history.  Man,  in  his  investigations,  works  from  the  known  to 
the  unknown,  from  what  he  can  see  with  bia  eyes,  touch  with  his  hands, 
measnre  with  his  instrumeuts,  to  that  of  which  he  cau  perceive  only 
the  reanlta ;  from  phenomena  present  beforo  hiin  to  those  which  were 
accomplished  thousands  of  centuries  ago.  For  a  long  time  geology 
advanced  in  a  rut  ont  of  which  oceanography  has  forced  it  perha]>8  a 
little  agfunst  its  inclination.  Old  people  and  old  sciences  have  their 
habits  and  a  dislike  to  change,  but  old  sciences,  more  fortunate  than 
man,  can  grow  yonng  again. 

Bocks  aro  of  igneous  or  metamorphic  and  of  sedimentary  origin.  The 
former  are  the  object  of  the  researches  of  a  special  science,  petrogra- 
phy, which  studies  their  intimate  nature  and  all  the  diOTerent  branches 
of  knowledge  which  relate  to  ernptive  phenomena.  Stratigraphy  deals 
with  rocks  of  aqueous  formation,  and,  as  the  genesis  of  these  is  inti- 
mately connected  with  the  order  of  their  superposition,  stratigraphists, 
in  their  investigations,  consider  together  the  constitution  and  the  order 
of  the  sedimentary  strata.  Now,  since  these  strata  have  been  found 
beneath  the  water,  nothing  is  more  fitted  to  make  their  genesis  cleiur 
than  observation  of  the  manner  iu  which  at  the  present  time  rocks  are 
being  formed  on  the  bottom  of  our  oceans.  This  task,  to  which  it 
applies  itself  with  ardor,  is  the  duty  of  oceanography.  When  the  par- 
ticular character  of  the  formations  on  the  coasts  or  in  the  depth  of  the 
sea  is  known,  when  careful  obserTation  and  exact  measurement  of 
actual  phenomena  shall  have  taught,  for  example,  the  necessary  rela- 
tion between  the  form  and  dimeusions  of  a  grain  of  sand  and  the 
exact  velocity  of  the  current  which  has  transported  it  and  aifected  its 
shape— angnlar  when  supported  by  force  of  the  water,  worn  and 
rounded  when  simply  rolled  along  the  bottom  among  other  grains;  as 
soon  as  the  presence,  recognized  quantitatively,  of  a  fixed  proportion 
of  clay  In  the  midst  of  a  sandy  deposit  shall  allow  us,  by  means  of 
physical  and  mechanical  laws,  to  determine  whether  this  deposit  was 
formed  in  calm  or  agitated  water;  aa  soon  as  numerous  measurements, 
repeated  in  different  parts  of  the  ocean,  shall  have  established  the 
generality  of  these  relations — that  is  to  say,  made  laws  for  them — we 
shnll  be  ready  to  reconstruct  the  past.  It  will  be  snfficieut  to  And 
the  some  characteristics  in  an  old  deposit  to  be  able  to  call  established 
relations  to  our  aid.  We  may  affirm  that  the  itoiiit  where  the  deposit 
was  formed  was  nt  such  and  sncli  a  depth  in  the  ocean,  at  snch  a  dis- 
tance from  the  shore.  If,  later,  otlier  sciences  bring  forward  their 
cooperation  and  point  ont  new  relations,  all  the  details  will,  one  after 
iiiiotber,  appear.  We  shall  then  ascertain  the  size  and  form  of  the 
^ilnrian,  the  Carboniferous  or  the  CretaceouH  Sea,  the  force  of  its  waves, 
its  salinity,  the  temperature  of  its  waters,  the  intensity  and  direction 
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of  Its  vurrents,  its  flora  and  its  faoDa.  Thus,  haviog  fcM-  fiMnidAtioD 
only  a  single  grain  of  sand  observed  beneath  the  microeoope  luid  whieli, 
through  oceanography,  shall  have  recounted  all  the  eraita  at  which  it 
has  assisted,  after  oenturies  npon  oeDtories  the  ediAoe  will  appear  fim, 
solid,  iu  its  complete  magnifloenoe.  Do  not  think  that  this  is  a  soeo- 
tiflo  dream,  as  Aill  of  anoertainty  as  of  eharm.  These  dednctions  have 
the  absolute  and  anqoestionable  precision  of  matfaeauUies.  Affcn-  so 
mauy  unexpected  discoveries,  onr  epoch  leaves  it  do  kmger  in  doobt 
that  the  greatest  poets  are  sometimes  the  scientutB. 

The  laws  of  meteorology  present  an  inportant  -pgaeticml  intanat 
beoauM  they  lead  up  to  the  forecasting  of  the  weather.  There  is  ao 
need  to  dwell  upon  the  pndt  humanity  may  derive  bom  sack  a  dis- 
wnty.  Ho*  many  misftwtones  wiU  be  averted  for  Oe  aciJi'aHiirist! 
^avigatfam  will  ftel  no  less  benefit  if  it  ean  kaow  in  advaaee  tbe  reinoaa 
of  ndn,  of  contrary  or  favorable  winds.  How  anaj  vayagea  will  be 
3kH>rt«Bed, bow aanylivee  saved!  Wecaajadgeof  tUsfhia  tjihit^ 
Ponuerly  the  terror  of  sailors,  siaee  their  laws  have  beea  kmwm  tkey 
ha\'e  beea  utiU^etl  to  e3:pedite  voyages.  The  satgagatod  haiiii  aai 
works  fi>r  the  sailor,  aud  when  ordwed  to  bring  tke  sk^  msac  qaadkly 
into  purt  the  dM-il<»  tempest  obeys  and  (has  avcrb  tke  diafrn  af  tha 
TOttt*^  Wtto  ;M»ucig  o«tr  lon»fiither$  wooM  have  d^ued  (u  6 
a  drvaa.  rvati^vd.  aeverlhv'lMS,  thruogti  the  werk  af  Bniei  f 
btw»  of  the  aecial  uwim  :*i)«l  ot'  the  li'iatd  u 

IHMrv  i.'Wui-Uoated  t>>r  the  iir>t  tb;ui  t>>r  the  5K«ad.  TWy  ihaafci  «■ 
a«^u«acl^'  be  studwd  9>'tichvcio^Iy  oo  the  :Ma  and  applied  aftsrwarJ 
the  anaMi$^ili«fv.  vtth  'Mivh  mMlidtfatiuD^t  atf  are  laadir  aevaman  by  c 
great  diilvrvtiv-e  iu  thv  mobility'  ttt'  iht^  [wu  duids.  Th«  raciaaal  infi 
duvtii>tt  Zif  tiK'Ct^.>n>Io^  is  oveuao^ra^iiy-    SwaM  haa  gceadj  BHafiii 

pftcrvtis  jliuvt^  -D  ;i  $Ira:;j:a:  line  der^^'tce  Kind  \Uhl  M&. 

^lil  i:i<  Mvra  '<('  rttifi.  ti  ZAt;  iii^-ier  -^u^irv  .It  mtKaiiiitt:^  aad  few  naiL 
uc-.it.-c  rausets.  ^Jii  V  1  JCM'ii*  .*.>;  r^vm.u-^  ■«  ■ja-iju?  ve>ie«ja..  AsHMama 
'.II  -i,krc:>. u'a^  ->wc!««;is  '.■i::s>er<  h  ^-^iZ  ifwd.  vi.L-ti  tairry  ±«ighE  4t  ta^ 
ca.u--.i««'  :x.m   iu  s^t.',!  aixi. -r^     T'lc  ?cjiiv  j(  ^t?  ^iieniMMaa  o('  Tbi^tH^ia 

iii.^.x-K-iir^i^x!  "r  :-nj  r>.:ii  ••..iii-a  <i  i  im.':'ui*-  ■«'  TttKata^  MuKinm 
C'li"^-:'^  .v^  .•>UL'ti,i'>.-<'  >.^  -iti-iwr-'u'^'.  tt"i'tap«  •(  "je  jidnmaea wbtefa 

r**-:*..;**,-  ■»•:■<..■»  >•*  w  li"  ■'  --«'  ''X  "  ^'J*  »  Kt-r-i  THwy  mt^atl  skm 
c-ur**    >    I'iit:  i-.    *"«    u-uN.      T'stf    i.t.i.?"^  "n    .'••ucj-  ■!  ~    " 
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the  Onlf  stream.  The  iiccniualatioii  of  the  resalting  debris  of  rocka 
fonnB  the  banks  of  NewfonDdland. 

These  ice  fields  are  of  particular  interest  because  of  the  fear  they 
ioBpire,  becaase  of  the  shoals  formed  by  tbeir  melting,  and  particularly 
because  the  chilling  occasioned  by  their  contact  with  an  atmosphere 
warmer  and  more  satorated  with  moisture,  gives  rise  to  heavy  fogs. 
Handreds  of  disasters  wonid  be  avoided,  enormona  economy  in  the 
transportation  of  merchandise  woald  be  effected  if  we  could  sncceed 
in  understanding  and  foreseeing  these  phenomena.  The  admirable 
pilot  charts  published  every  month  by  the  Hydrographic  Bureau  at 
Washington  seek  to  solve  the  problem  empirically,  noting  to  what 
latitude  the  ice  fields  descend  each  year,  observiug  their  number,  and 
establishing  the  probabilities  concerning  them  according  to  the  average 
of  numerous  observations.  Fogs  dae  to  analogous  causes — that  is  to 
say,  to  marine  currents — are  frequent  in  the  northern  or  even  the  tem- 
l»erate  region,  on  the  North  Sea,  the  English  Channel,  and  on  the 
Atlantic  coasts  of  England  and  France.  Everywhere  they  are  the 
terror  of  sailors ;  ships  move  in  them  bewildered,  advancing  at  the  risk 
of  running  ashore  or  colliding  with  another  vessel,  while  if  they  remain 
stationary  they  are  in  danger  of  being  themselves  strack,  and  in  any 
case  they  lose  time,  that  precious  commodity  whose  price  rises  liigher 
every  day.  The  ability  to  foresee  their  presence,  or  if  overtaken  by 
them  to  find  the  course  and  follow  it  with  certainty,  would  be  the  imme- 
diate conseqaeuce  of  the  iierfecting  of  oceanography. 

Some  attempts  at  this  have  been  crowned  witli  success.  The  position 
of  a  ship  in  the  ocean  is  usually  determined  by  the  aid  of  astronomical 
coordinates.  According  to  the  observed  position  of  a  heavenly  body, 
star  or  snn,  the  observer  calculates  his  own  position  on  the  surface  of 
the  waves.  Knowing  where  he  is  and  where  he  is  going,  nothing  is 
easier  for  him  than  to  follow  his  course.  But  the  indispensable  con- 
dition is  to  see  the  star;  this  the  fog  renders  impossible.  This  impos- 
sibility is  the  cause  of  most  shipwrecks.  However,  tbe  position  can  be 
otherwise  determined.  If  we  have  a  so-called  bathymetric  chart, 
plainly  indicating  by  means  of  contour  lines  the  depth  of  tbe  water  at 
each  point,  and  another  chart  drawn  up  after  a  series  of  soundings  and 
of  preliminary  analyses  showing  in  the  same  part  of  tbe  sea  ttie  changing 
nature  of  the  bottom,  here  sand  and  there  mud  of  one  kind  or  another 
and  there  rocks,  by  a  single  cast  of  the  lead  a  vessel  lost  iu  the  midst  of 
the  ocean  can  determine  her  position.  The  depth  of  the  sounding  will 
confine  the  observation  to  the  area  for  which  the  bathymetric  chart 
gives  this  depth.  If,  moreover,  care  has  been  taken  to  fit  tbe  sounding 
lead  with  some  means  by  which  a  sample  of  the  bottom  may  be  brought 
up,  the  area  covered  by  this  kind  of  bottom  may  be  looked  up  on  the 
litholngic  chart,  and,  combining  this  information  with  the  preceding, 
one  wiU  be  able  to  ascertain  his  position  almost  exactly.    Excellent 
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upptiiMtMuis  uf  tbis  MMtbod  bare  ben  muit  is  Pnnce  bf  CammiMaAtt 
Af  IMKwx  mkI  by  (."iHitau  TndcUe  fbr  la^dUk  i»  diflenat  localities, 
afooj;  tb*  I'baaMl.  M  kb«  eatraBw  to  Sew  Tark.  HaTre.  best,  and  the 
vwy  dMMEMVMils  JkppcoK'bcs  to  Cape  GBardafsL  Tw«  uia«bii|,i  iphic 
««oiUiuat«» baTv  takes  tbe  ftmet  of  tbe  awtiiiwiral  maiCMttw  Ue 
Twtjwl.  bavUii;  k«t  b««-  $igbt.  ■■fcM  —e  mt  leefag.  T*  diav  sp  bathr- 
iM«-k«Iaatl  t  ihili  y  iial  ibiili  ii  111  nflhi  |Hiwi|i«l  ilijum  wfttrwmm 

IVvaaotctaf^  ba5 1»  Buoitiaie  febuiw  a  nftuian  scOI  i 
ta<«;.if  tb^  is  p>;«%^t^  tkaa  *»pt«>''JgT.twri>1J.— daa 
tbss  :9<luu$:i7sstvwM«lrliwetj-ii>tbeTay  ^^"'^B 

«twrtA«^  dijwveyf  «  iatlirvct^,  t^Mr  aawtf  af  exi 
&«  itfcsCMvWv  :!i«  aiwi  lavl  wiif  ntrioyed  ri  tb* 

dt:i<t  :ii<ic««i&'.>r:«.>^T^;:'7  ^^»m«e^ -it  ^  MC«$^af  9pi«^^pa^^K.«ao 
:Im  jTvu>:  v-vOinnKi^^  a$  w^^uo^  -tc  .-acoiMKs..  ami  ^ab.  fcas  «%aeh  I 
tf>>Ci^:t.>  >il  aa<i  <^-.i.     ^r  Vt  :^  «wacwe  ±'<^  "sat  iUhoK*  «if  3ft»  «■ 

•A.-I^l]t?<h.-w  k>  «i;u  .k>  ):s  Btuowt-*..  i.^  x 

tl*  »-fc3rc,  >r-i»uo;^  hKUBMe  -itf*-  «m  sxinti  :ae(«  ai  a  «aB»  -tf  B 

'.•  a 

•v^ -K'^  uiti  amCniBRK  x  x  s^  imtg 
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special  kiod  of  bottom  and  currents  of  calculable  speed.  All  these  details 
are  implied  in  the  presence  or  absence  of  this  fish.  Fishing  is  a  problem 
whichcoDsistsiuknowingbeforehand  whether  in  such  aplace  at  suchaud 
soch  a  time  the  fish  will  be  abundant,  rare,  or  absent.  Other  nations 
have  fblly  recognized  that  the  study  of  flsberies  is,  above  everything, 
the  stndy  of  the  relatioaa  existing  between  the  marine  environment 
and  the  animal;  that  is  to  say,  a  questiou  of  zoology  whose  first  basis 
is  knowledge  of  the  eDviroument,  which  is  a  question  of  oceanography. 
They  have  pot  tfae  principle  in  practice  in  tlieir  laboratories  and  in 
their  official  administrations,  working  out  in  detail  the  oceanography 
of  a  region  t>efore  devoting  themselves  to  zoological  researches  there. 
It  is  to  be  wished  that  this  practice  were  more  generally  followed.  It 
is  a  common  sense  law,  bnt  it  is  only  too  true  that  sncb  are  the  slowest 
in  making  themselves  known.  Every  improvement  ia  Himplification, 
and  the  men  who  cry  unceasingly  for  simplicity  are  as  if  appalled  when 
they  come  upon  it  nnawares. 

But  if  the  presence  or  absence  of  a  fish  is  so  difficult  to  determine 
except  by  long  and  expensive  trials,  it  is  not  so  with  the  condition  of 
the  environment,  which  can  be  estimated  and  even  recorded  in  figures, 
by  means  of  instruments;  temperature  by  the  thermometer,  density 
and  salinity  by  the  areometer,  depth  by  the  sounding  line,  the  nature 
oftlie  bottom  by  a  lithological  or  chemical  analysis.  The  instrument 
offers  tbo  advantage  of  having  a  perfect  graduation,  recording  a  saffi- 
cient  number  of  degrees  and  consequently  great  delicacy  of  indication. 
On  the  other  hand,  it  has  tbe  inconvenience  of  recording  but  one  of  the 
conditions  of  the  surrounding  of  which  the  living  creature  records  the 
whole.  However,  we  must  not  forget  that  the  purpose  of  science  is, 
briefly,  to  discover  what  is  above  all  others  the  most  essential  influence, 
and  besides  that  if  a  single  instrument  is  not  sufficient,  there  1:^1  nothing 
to  prevent  onr  having  recourse  to  many  in  snccession.  It  would  cost 
tbe  fisher  less  time  and  tronble  to  measure  the  temperature  and  then, 
if  it  is  necessary,  the  transparency  and  even  the  density  in  a  certain 
region,  then  according  to  the  results  obtained  set  to  work  fishing  with 
great  probabilities  of  success,  or  to  immediately  leave  the  ground,  than 
to  cast  his  line  and  nuts  into  tbe  water,  throwing  bis  bait  away  hap- 
hazard, to  learn  finally  only  after  a  prolonged  trial  that  tbe  fish  will  or 
will  not  bite.  Prof.  U.  Mohn,  of  Ghristiania,  formerly  head  of  tbe 
splendid  Norwegian  oceanographio  expedition  of  the  Voringcr),iu  1876, 
tbund  out'  that  at  the  Loffoten  Islands  the  cod  remained  iilways  in  a 
bed  of  water  between  4'^  and  6°  in  temperature  (39°  to  41°  F.).  Accord- 
ing to  his  instructioDS  a  Government  vessel,  commanded  by  Lieut.  G. 
Gade,  went  to  ascertain  the  position  in  depth  of  this  bed  and  to  verify 
the  scientific  previsions.  The  success  of  this  examination  was  perfect, 
and  now   Norwegian  fishermen   use  the  thermometer   as  a  fishing 

>H.  Mohn.  The  Temparatnre  of  the  Sea,  Wid  the  Fish  in  the  Loffotwt.  Christiwiia, 
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apparatos.  Tbey  seek  a  stratam  having  a  temiwratnreof  4<^or  5°,  the 
depth  being  variable  not  only  iu  the  same  locality  but  also  in  the  same 
region  from  time  to  time,  and  as  soon  as  they  6nd  it  they  cast  their 
lines  and  fish  with  certainty.  The  example  is  pertinent.  It  was  far- 
nished  by  au  eminent  scientiatj  it  has  received  and  atill  receives,  every 
season,  the  sanction  of  practice  and  affords  actaal  benefit  to  flsbeis. 
How  eminently  desirable  it  is  that  sncb  a  study  should  be  made  on 
the  Newfonndland  Banks  or  iu  Iceland,  I  mean  in  a  serious  way,  by  a 
competent  person,  and,  as  was  done  by  the  Norwegians,  on  board  a 
vessel  specially  adapted  for  this  research. 

Other  experiments  no  less  interesting  have  been  made  in  tbe  labora- 
tory of  pisciculture  iu  Flodevig.  Tbe  Norwegians  live  by  the  sea;  they 
are  obliged  to  cultivate  it,  and,  iu  fact,  they  declare  that  they  have  suc- 
ceeded in  restocking  it  with  cod.  Tbeir  processes  are  now  being  applied 
at  Newfoundland  by  the  English.  It  has  been  observed  that  the  apawn 
of  the  cod  must  be  raised  in  water  of  a  certain  temperature  and  denait7. 
If  the  water  is  too  dense  the  young  fish  are  not  snflBcieutly  strong  to 
overcome  its  resistance  and  seek  food  on  the  bottom;  if  it  is  too  light 
they  easily  reach  the  bottom,  but  have  difficulty  in  holding  themselves 
there,  while  if  it  is  withiu  the  required  limits  of  density,  the  animal, 
able  to  move  at  liberty,  finds  entire  satisfaction  of  his  needs  and  devel- 
ops rapidly  until,  having  reached  his  fnll  strength,  he  ceases  to  be  sen- 
sitive to  the  slight  variations  in  his  anrroundinga  and  can  nourish 
himself  in  the  sea  where  he  is  given  his  liberty.  Breeding  is  carried 
on  at  Flodevig  under  perfectly  systematic  and  scieuti&c  conditions, 
with  tbe  greatest  benefit  to  the  industry. 

In  the  laboratory  at  Dildo,  near  St.  John,  Newfiiondland,  where  simi- 
lar restocking  is  tarried  on,  the  director,  Mr.  Nielsen,'  discovered  that 
the  water  in  the  breeding  ponds  for  the  male  and  female  cod  intended 
for  reproduction  must  have  a  temperature  from  4  tA  7  degrees  and  that 
young  cod,  living  well  in  water  at  zero,  will  die  as  soon  as  the  tempera- 
ture falls  only  half  of  a  degree. 

By  reason  of  the  development  of  acieuce  and  general  progress,  wu* 
has  become  so  difficult  and  frightful  in  its  consequences  for  the  two 
adversaries,  neither  of  whom  can  evra  be  really  victorious,  that  it  is 
almost  impossible  between  nations  that  are  about  equal  in  the  scale  of 
civilization.  If  nations  wish  to  live  and  not  bo  overwhelmed,  peacefiilly 
but  completely,  by  other  peoples,  their  competitors  in  tbe  terrible  strag- 
gle for  existence,  they  mnst  use  to  their  best  advantage  the  riches  of 
their  territory.  If  agriculture,  now  scientific,  obtains  profit  (h>m  the 
work  of  scientists  who  have  transformed  it  fh>m  the  collection  of  em- 
pirical recipes  into  a  positive  science;  if  we  seek  by  knowledge  of  the 
soil,  by  suitable  alternations  of  tbe  crops,  by  appropriate  fertiliza- 
tion to  procure  the  best  resnlts  from  a  piece  of  land,  to  make  it  pro- 
duce a  maximum  of  yield,  we  sbonld  do  tbe  same  with  the  sea.     We 
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mast  a<liQit  that  ve  are  in  this  respect  aDdeuiably  inferior  to  other 
nations.  Still  plnnged  iu  lamentable  iguoraoce  and  regardless  of  the 
information  obtained  by  carefnl  svieutiflc  experiments,  we  ravage  our 
coasts,  and  statistics  show  that  the  Ashing  itidnstry  is  incapable  of 
furnishing  daily  bread  to  those  who  practice  it  at  the  cost  of  so  much 
trouble,  fatigne,  and  danger.  We  profit  by  the  sea  as  savages  proflt 
by  the  earth,  when,  according  to  the  famous  simile,  fluding  a  frait  tree 
in  the  forest  they  cut  it  down  to  gather  its  frnit.  We  have  no  com- 
plete and  detailed  map,  not  even  a  mediocre  one,  of  the  sea  bottom, 
nor  have  we  any  exact  ideas  of  the  variations  iu  temperature,  in 
density,  in  salinity,  along  onr  coaata;  we  have  not  calculated  the 
amount  of  sediment  deposited  by  any  of  our  great  rivers;  we  are 
ignorant  to  what  depth  currents  are  felt  and,  except  for  a  very  small 
number  of  localities,  as  to  their  direction  on  the  surface;  we  have  no 
idea  of  their  variations  in  intensity  at  diflerent  peiiods  of  the  year. 
It  is  only  too  easy  to  add  to  this  list  of  the  data  which  we  now  lack. 
However  full  of  good  intention  the  measures  of  the  administration 
may  be,  they  are  fruitless  if  they  have  not  the  intervention  of  author- 
ity to  sanction  the  application  of  the  measures  approved  by  science. 
How  can  we  be  astonished  by  the  poverty  of  oar  fishers  and  the  &tal 
consequences  which  can  not  fail  to  afi'ect  theeoontryT  Fish  are  an 
important  item  in  the  economies  of  nations.  According  to  statistics 
now  somewhat  old  but  rather  increased  than  diminished  by  time,  the 
world  captnree  and  consumes  annually  2,000,000,000  francs  worth  of 
fish. 

The  industry  of  laying  submarine  telegraphs  depends  on  oceanog- 
raphy to  the  same  extent  that  the  construction  of  railroads  or  canals 
depends  on  toi>ography  aud  continental  geologj'.  Perhaps  the  depend- 
ance  of  the  telegraphs  is  even  greater.  The  railroad  and  the  cable 
follow  the  contoar  of  the  soil ;  both,  for  analogous  reasons,  Itiast  avoid 
too  irregular  ground,  and  the  nature  of  the  bottom  is  of  the  utmost 
importance.  On  certain  bottoms  swept  by  currents,  as  on  the  Wy  ville 
Thomson  reef  to  the  north  of  Scotland,  the  cable,  anbjeot  to  continual 
vibrations  against  the  pebbles  or  frayed  by  their  unceasing  Iriction  as 
they  are  washed  about  by  the  movement  of  the  waves,  wears  out  and 
breaks,  however  solid  its  envelope  may  be.  At  other  times,  on  volcanic 
bottoms,  as  near  Greece,  for  example,  or  in  the  Malay  Archipelago,  the 
cable  maybe  stretched  bydisplacement  of  the  gronnd,  causing  changes 
in  the  level  which  break  it. 

The  landing  of  the  cables  is  no  less  important.  Kocks  are  always 
very  dangeroas  if  they  are  situated  in  the  zone  of  action  of  waves  and 
tides.  While  in  the  open  pea  the  land  has  every  chance  of  bdng  ani- 
form,  near  the  coast  it  often  becomes  inegalar.  It  presents  sudden 
declivities  or  deep  hollows,  reefs,  straight  crevasses  bounded  by  almost 
perpendicular  wails,  such  as  M.  Pruvot  has  recently  discovered,  not 
in  some  unknown  comer  of  the  Pacific  or  the  South  Sea,  bat  iu  the 
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Qnlf  of  Lyon,  aome  miles  from  the  little  ptul  of  BsoyolB  near  Port- 
Vendres.  A  cable  Inid  aoross  such  ft  vall«y  is  sore  to  break,  and  if 
the  perftoot  knowledge  of  the  topography  of  the  region  does  not  make 
the  caaee  of  the  accident  clear,  ve  may  be  tempted  to  strangtbeD  its 
envelope,  that  ib  to  make  it  heavier  and  oonseqacratiy  m<»«  certainly* 
provoke  a  sabseqaent  raptnre>.  It  is  not  without  reason  that  the 
EngliBh  companies  have  in  their  service  a  fleet  of  telegr^bic  vessels 
intended  for  these  stodies  alone^  carrying  a  spedal  technieal  staS^ 
anceasingty  employed  in  working  -on  oceanography.  They  evidently 
guard  against  making  known  the  obtained  resolts,  and  are  no  mme 
to  be  blamed  for  their  secrecy  than  would  be  those  cootract<HV  fiv 
building  railroads  who,  provided  with  detailed  maps  of  a  region  over 
which  they  have  been  ordered  to  lay  a  road,  should  conceal  tbeir  doco- 
meutH,  aoquired  laboriously  and  at  great  expense,  from  the  enginens 
charged  with  overlooking  their  work  and  with  paying  them,  and  who 
oil  their  side  mast,  therefore,  remain  in  ignorance  of  tbe  topography 
and  geology  of  the  oonutry,  England  holds  the  monopoly  iu  tbe  con- 
struction of  submarine  lines.  France  possesses  only  a  small  number, 
and,  even  of  these,  the  larger  part  were  built  by  the  English.  It  is 
aot  enough  to  possess  colonies  beyond  the  ocean:  it  is  Deceeeary  to 
be  ill  direct  communication  with  them.  That  we  are  at  tbe  mercy  of 
foreigners  for  our  telegraphic  commuiiicatious,  the  events  of  Siam  and 
Madagascar  furnish  proofs  painful  to  record. 

II. 

Ocean  ngTAphy  is  a  science  which  applies  to  the  natural  phenomena 
of  the  sea,  the  precise  methods  of  the  exact  sciences,  mathematics, 
mechanics,  physics,  and  chemistry. 

It  is  a  Science  of  experimentation,  of  measnrements,  working  by 
analysis  and  by  synthesis  toward  the  dual  end  of  learning  the  present 
history,  and  cousetiuuiitly  the  past  and  fnture  history,  of  tbe  earth, 
because  all  science  which  discovers  and  states  laws  is  a  prevision. 
Oceauography  is  thus  abranch  of  geology,  and  since  the  soils  stratified — 
that  is  to  say,  de^wstted — in  the  midst  of  the  sea,  formed  by  it,  enter 
largely  into  that  portion  of  the  earth's  crust  which  is  directly  accessible 
to  our  iuvestigatious,  we  would  be  authorised  to  claim  oceanography  as 
the  most  important  branch  of  geology.  It  is  ludicrous  to  hear  ail- 
ments on  the  Silurian,  the  Devonian,  or  the  Carbonif^ons  oceans,  now 
millions  of  years  old,  to  hear  discussions  concerning  their  shores,  their 
waters,  or  their  currents,  while  we  still  know  so  little  of  onr  own  ocean 
of  to-day,  on  whose  surface  our  vessels  sail,  into  which  we  plnnge  our 
bodies,  over  whose  immense  circumference  we  are  tna  to  cast  our  gaxe, 
with  whose  waters  we  moisten  our  lips  if  we  wish,  whose  waves  sing 
tbeir  monotonous  and  majestic  harmony  iu  onr  ears,  of  which  we  can 
take  full  possession  by  all  our  senses. 
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Tfae  foregorng  considerations  enable  ns  to  appreciate  in  its  principal 
charaoteriBttcs  the  method  employed  in  oceanogTaphy.  The  applica- 
tion of  experiment  and  of  measurement  seems  at  first  particnlarly  dlffi- 
calt,  if  not  impossible.  It  is  neitber.  As  regards  the  ocean,  it  is  cer- 
tain that  the  phenomena  apparent  there  are  more  than  complicated — 
they  are  terrible;  and  their  grandeur  apparently  puta  them  far  beyond 
the  power  of  man.  It  would  be  of  no  use  to  approach  the  study 
directly.  However,  even  the  forces  of  the  sea  are  forced  to  yield  to 
ezperimeDtHtioo  on  condition  that  we  procee<l  gradually,  studying  first 
lakes— oceans  in  miniature,  governed  by  laws  similar,  although  less 
complicated,  and  consequently  more  easy  to  discover  and  verify.  In 
oceanography  a  phenomenon  must  pass  through  three  phases  of  study : 
It  is  established  on  the  ocean,  found  in  lesser  degree  on  lakes,  and 
studied  by  synthesis  in  the  laboratory.  Thus  its  law  is  discovered. 
Then,  taking  the  inverse  order,  it  is  ascertained  whether  the  law 
is  verified  on  lakes,  and  at  last  we  come  back  to  the  ocean.  We 
observe  whether  the  law  holds  good  there,  and  in  cose  of  modifications 
(which  usually  occur)  we  seek  their  causes  and  consider  what  new  ele- 
ments have  become  involved  which  were  absent,  or  perchance  inef- 
fective, OD  lakes  or  in  the  laboratory.  The  study  is  now  complete  and 
definite,  since,  if  necessary,  we  may  return  to  the  laboratory,  where,  rich 
in  the  suggestions  which  have  arisen  fW>m  our  new  survey,  fortified  by 
a  first  approiimation,  we  can  arrive  at  a  greater  precision,  thanks  to 
a  uew  synthesis  established  by  new  experiments.  We  work  from  the 
known  to  the  unknown  and  ttom  the  simple  to  the  complex,  retracing 
our  steps  if  necessary. 

The  objection  has  been  made  to  the  experimental  method  that  phe- 
nomena in  miniature  such  as  we  can  protlace  in  the  laboratory  are  not 
identical  with  natural  phenomena,  since  they  represent  them  on  a 
reduced  scale.  This  reasoning  rests  on  a  misuoderstaodiog ;  every- 
thing goes  to  prove  tbe  contrary.  Why  should  a  heavy  body  left 
nnsnpported  descend  into  the  sea  iti  any  different  manner  tbau  it 
descends  in  a  tube  some  meters  in  height  filled  with  salt  waterl  If 
the  changes  are  brought  about  by  the  duration  of  the  fall,  the  depth, 
tbe  pressure  of  the  layers  of  water,  and  other  circnmstaucea,  these 
changes  can  be  studied  and  estimated  by  means  of  separate  experi- 
ments. It  is  the  usual  method  of  resolving  a  natural  phenomenon  by 
means  of  curves  of  a  single  equation  with  moltiple  variables.  Admit- 
ting that  iu  certain  cases  a  single  experiment  in  the  laboratory  is 
insufficient  to  reproduce  the  phenomenon,  yet  a  series  of  experiments, 
each  of  which  wonlil  be  performed  to  make  clear  the  action  of  one  of  the 
components  of  tbe  problem,  would  represent  it  in  its  entirety.  When, 
for  example,  we  have  measured  in  a  tube  3  or  4  meters  long  the  dura- 
tion of  the  fall  of  globigerina  in  sea  water,  we  evidently  do  not  learn 
all  the  laws  of  snch  a  fall  in  the  sea.  It  would  be  otherwise  if,  after 
having  made  the  experiment  with  ordinary  pressure,  we  repeat  it  with 
8U  98 27  ,  .  , 
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pressare  more  and  more  considerable,  then  with  differeot  teaipermtnns, 
and  ettch  time  uote  the  variatiooR  resulting  from  the  infloenee  of  each 
of  tU4>.ie  variables.  Suppose  that  we  have  expuimented  ear^bllf  and 
test«d  itoparately  everything  tfant  -reason,  ordinary  rommon  seim. 
points  oat  as  playing  a  part  in  the  descent  of  dost  particles  throaj^ 
thi>  M'eau.  If  we  then  verify,  first  iu  a  lake,  then  in  t^e  ocean,  each  of 
the  laws  disoovered  in  the  laboratory;  if  we  determine  that  in  the 
latter  they  are  siiu|)ly  maltiplied  by  a  number,  the  constant  coefficieot 
of  increaso.  we  shall  refute  the  critics.  If  there  is  a  disagreement^  we 
are  apprised  of  the  intlaeuce  of  some  variable  of  which  we  have  not 
taken  account;  and  it  will  be  necessary,  after  having  discovered  it,  to 
exi>eriment  on  it  in  turn.  When  all  the  work  is  finished  we  shall  have 
the  proof  that,  wliile  with  a  single  experiment  taken  separately  we  can 
not  analyze  nuture,  with  the  entire  series  we  can  do  so. 

It  is  tliut*  that  we  should  consider  oceanography,  which,  proceeding 
u]>on  the  jilau  of  not  studying  tlie  past  until  the  present  Is  well  under- 
Htood,  bus  introduced  the  experimental  method  into  all  that  part  oi 
geology  relative  to  sodimentury  deposits.  It  is  tbiis  properly  a  branch 
of  this  scient-e. 

When  a  traveler,  overcome  by  the  long  and  painful  ascent  of  a  tnonn- 
tain.  Anally  reaches  the  snmmit,  he  finds  it  pleasant  to  him  to  sit  on  a 
rock  iind,  while  recovering  from  his  fatigue,  contemplate  the  plain  whkfa 
he  has  i^rossed,  the  river  whose  windings  he  has  followed  and  wbich  at 
this  moment  spreads  out  below  him,  and  also  tbe  difficult,  even  danger- 
ous, ground,  the  sand,  the  marshes,  over  which  he  has  come  with  great 
exertion.  Certain  stages  of  the  journey  had  seemed  to  bim  Hhort, 
'  others  had  appeared  very  long,  anil  now  he  calculates  what  tbey  are 
in  reality.  He  (listinguishes  each  error  that  he  has  committed.  If, 
then,  turning  round,  he  looks  down  tbe  other  slope  of  the  mountain, 
he  sees  what  road  he  must  follow  to  arrive  surely  and  promptly  at  tbe 
end  of  his  Journey,  visible  afar  in  the  mist  of  tbe  horizon.  What  he 
has  done  gives  him  courage  to  complete  his  task;  the  victory  be  has 
won  over  fatigue  and  obstacles  is  the  warrant  of  his  victory  over  the 
fatigues  and  difficulties  of  the  future.  He  gathers  new  ardor,  strength, 
and  hope.  Is  not  this  traveler  like  the  man  of  science  iu  bis  journey, 
laborious  and  painful  as  is  all  travail,  toward  the  distant  tmth  which, 
in  his  short  life,  he  is  certain  never  to  reach!  At  least  he  will  approach 
it  at  the  cost  of  many  mistakes.  He  has  opened  up  the  path,  and  those 
who  follow  behind  him,  profiting  by  bis  labor,  will  surpass  him.  Tbey 
will  go  on  farther  and  yet  farther,  obedient  to  that  thirst  for  truth  with 
which  Ood  has  endowed  every  human  soul  as  a  mark  of  its  divine 
origin  and  future  immortality. 

It  is  necessary  to  know  the  history  of  a  science  to  understand  those 
works  with  which  it  deals  and  to  foresee  those  which  remain  for  it  to 
ai'i-uinplisb.  I.et  us  now  show  in  the  history  of  oceanography  bow  its 
development  has   been  infiuenced  by  difierent  sciences  and  bow  it 


OCEANOGBAPHy.  419 

has  iiiflaeoced  in  itn  tarn  uumerons  othera  and  their  applicatioDs.  It 
18  the  Hame  in  every  stage  of  the  intellectual  improvfitneut  of  hamanity. 
We  realize  with  difficulty  the  moineutum  (giving  to  this  word  the  mean- 
ing usaally  assigned  to  it  by  physicists)  of  a  new  idea,  which  leads  in 
its  train  a  veritable  world  and  pushes  another  on  before  it.  This  is, 
perhaps,  the  explanation  of  the  difiQcnlty  with  which  a  new  idea  over- 
comes the  oppositioD  it  meets  from  a  crowd  of  people  and  things  that 
feel  that  after  having  lived  they  are  aboat  to  disappear.  Nothing 
consents  to  die,  and  pontine  is  only  an  instinct  of  preservation. 

Oceanography  came  iu  witliont  uoise.  The  human  mind  naturally 
seeks  causes  for  that  which  is  seen,  or  to  better  recollect  them  after 
they  are  discovered  or  even  sormised,  because  of  its  very  weakness  it 
hastens  to  deduce  laws  for  them.  The  first  navigators  were  nut  impelled 
by  curiosity  which  wonld  have  been  incapable  of  fortifying  their  hearts 
with  the  triple  armor  necessary  for  facing  the  sea ;  they  were  moved  by 
selflsb  interest  and  by  want  The  PbtBuicians  ventnred  upon  the  blue 
waves  of  the  Mediterranean  to  provide  theuiselves  with  slaves  and 
metals  to  sell  elsewhere  and  because  it  was  impossible  for  them  to  live 
confined  on  the  narrow  strip  of  land  bounded  by  the  chain  of  moun- 
tains which  separated  them  from  hostile  hordes.  Tlie  Scandinaviau 
pirates,  on  their  light  "drakkarH"  with  curved  pruws  crowned  with  the 
head  of  a  dragon  or  bird  of  prey,  tied  through  the  rough  waves  and 
tempests  of  the  North  Sea  from  a  vast  but  unfruitful  fatiierlaud  where 
their  time,  which  it  was  useless  to  ajwud  iu  agricniture  or  iu  the  tran- 
quil artsof  peace,  was  given  up  to  social  struggles,  to  i)erpetual  combat, 
to  viciories  and,  consequently,  to  deieats,  after  which  the  vaiiquishetl 
was  forced  to  submit  to  the  vengeance  or  oppression  of  the  vanquisher. 
Thus,  not  many  years  ago,  the  Polynesian,  driven  by  famine  from  his 
island  which  had  become  too  densely  populated,  tlew  in  his  pirogue 
with  high  sails  of  matting  over  the  great  swell  of  the  Pacific.  To  all 
these  voyagers  the  sea,  despite  its  terrors,  became  a  refuge.  He  who 
feels  himself  separated  only  by  a  few  planks  from  moving  abysses, 
where  his  gaze  sees  nolhing  when,  profiting  by  the  hollows  in  the  waves, 
he  tries  to  penetrate  their  depths,  realizes  that  terrible  forces  too  vast 
to  be  conquered  by  any  human  power  surround  and  rule  him,  and  that 
brute  force  avails  nothing;  it  is  necessary  to  call  to  his  aid  skill  and 
science.  All  sailors  are  scientists,  some  more  so,  some  less,  according 
to  their  abilities,  in  order  to  elucidate  the  phenomena  going  on  around 
tbem,  of  which  they  would  be  the  plaything  if  they  did  not  set  to  work 
in  some  measure  to  predict  them  in  order  to  draw  IVotii  them,  first, 
security  and  then  profit.  How  useful  it  would  be  to  know  the  probable 
regions  of  calms  and  of  storms,  the  strength  and  the  direction  of  the 
currents,  and  the  mutual  connection  of  the  phenomena  of  the  earth,  the 
heavens,  and  the  waters,  so  that  when  one  of  them  has  been  examined 
tlie  other  may  be  foreseen,  and  if  it  is  to  be  feared,  conquered.  The 
more  hamanity  advanced  the  more  the  sum  of  its  known  facte  increasedi 
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tbe  more  indispensable  it  became  to  eoordinate  them,  tbe  more  legend 
and  empiricism  became  transformed  into  science. 

Thns  antiqaity  and  the  middle  axes  passed;  tbus  tbese  •'aea  rovers,'^ 
as  Michelet  calls  them,  advanced — Icelanders,  Arabs,  Dieppois,  aod 
Basqoes.  We  can  not  admit  tbat  the  sailors  who  then  plowed  the 
AtlaiitiCvthe  Indian  Ocean,  and  the  seas  of  China  could  renuun  indif- 
fisrent  to  tbe  furorabte  or  nnlavorable  oircaroBtaDces  whose  adv&ntages 
or  dangers  were  the  more  worthy  of  attention  since  their  ships  were 
smaller  and  less  capable  of  resistance  than  are  the  euormons  vessels  of 
the  present  day  propelled  by  ateam.  It  is  only  tbroogh  skill  tbat  tbe 
weak  are  victorious.  When  the  Norsemen  about  tbe  year  1000  went 
from  Norway  to  Iceland,  ftom  Iceland  to  Oraenland,  and  fW>m  Greea- 
land  to  that  Yinland  which  five  eenttuies  later  was  to  become  Araeriea, 
they  left  in  the  places  which  they  there  discovered  names  which  showed 
tbat  natural  pheuomeiia  bad  markedly  attracted  their  attention;  Stn- 
nmsoe,  the  island  of  currents;  StraumsQorde,  tbe  bay  of  carrente: 
Straumness,  the  cape  of  currents. 

Suddenly,  about  the  middle  of  tbe  fifteenth  century,  the  world  experi- 
enced a  great  disturbance.  The  Renaissance  began  to  make  its  inflo- 
euce  felt  throughout  all  Burope.  There  was  a  nuiversal  awakening  of 
curiosity,  of  science,  of  ambition,  of  life;  that  is  to  say,  of  desire  of 
enjoymeii  t  and  of  gold.  There  are  such  periods  of  fermentation  in  tbe 
lives  of  individuals  as  iu  those  of  nations.  Their  primary  wants  were 
satisfied,  they  desired  more.  The  earth  was  divided  omons  different 
races,  each  race  divided  into  peoples,  the  peoples  into  provinces,  the 
provinces  into  villages,  hamlets,  castles,  all  hostile  to  one  another,  war- 
ring, fighting,  massacring,  and  being  massacred.  The  least  painfnl 
road  for  peaceful  or  for  adventurous  spirits,  impatient  with  an  ambition 
difficult  to  satisfy  iu  the  old  countries,  was  now  the  sea.  All  nations 
launched  out  upon  the  waters.  Some,  Venetians,  Qenoese,  sought 
riches  and  found  them,  others  sought  riches  and  rule  over  vast  coun- 
tries. Tbe  sea  gave  glory  and  fortune,  asking  in  exchange  only  bold- 
ness, and  valiant  spirits  of  all  nations,  Portuguese,  Spanish,  Italiajia, 
French,  English,  and  alittlelaterDutob,  embarked  on  vessels.  Oolam- 
bus  discovered  America  anew,  a  discovery  that  was  not  the  result  of 
chance.  Admitting  that  he  had  not  received  formal  assnrance  of  its 
existence,  he  foresaw  it,  guided  by  his  observations  and  oceanog^rapbic 
information,  marred  and  distorted,  but  nevertheless  collected  and  trans- 
mitted from  mouth  to  month.  At  Porto  Santo  he  bad  handled  a  piece 
of  carved  wood  thrown  upon  tbe  shore  by  the  currents  and  during  for- 
mer voyages  he  had  remarked  that  tbe  western  shores  of  Norway,  Scot- 
land, and  Ireland  were  strewn  with  pieces  of  wood  of  unknown  species 
brought  by  tbe  waves  from  an  unknown  laud.  He,  too,  sought  tbis 
land  and  found  it. 

When  he  reached  it  and,  wishing  to  broaden  tbe  field  of  his  discov- 
eries, navigated  tbat  sea  which  was  later  to  be  called  the  Oaribbean 
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Sea  aod  the  Golf  of  Hezioo,  be  never  relaxed  bis  obeerration  of  the 
movement  of  the  waters.  At  the  "Serpent's  Month,"  near  tbe  Gulf  of 
Paria,  he  saw  that  the  cDTrent  turned  to  the  weat;  he  recognized  this 
again  on  the  coast  of  Hondnras.  Grouping  the  resalts  of  his  experi- 
ments he  formulated  an  hypothesis  and  declared  that  tbe  sea  m  its 
advance  follotred  the  firmament  ft«m  east  to  west.  Tbe  true  father  of 
oceanography  is  tbe  Onlf  Stream,  It  seems  as  If  men  bad  invented 
tbe  science  solely  to  explain  this  current,  which  even  to-day  is  tbe  most 
stndied  and  best  known  of  tbe  phenomena  of  the  ocean.  For  mauy 
years  all  the  Bailing  expeditions  ttoai  Spain  radiated  nrouud  Uispa- 
niola  and  Cuba.  Ocampo  sailed  all  around  the  latter  island.  In  1513 
PoDce  de  Leon,  having  for  pilot  Anton  de  Alamiuos  (who  had  been 
pilot  for  GoIumbuB  in  his  last  voyt^),  set  out  in  search  of  the  Foun- 
tain of  Touth  in  Florida,  and  bis  vessel  passed  with  difficulty  through 
the  waters  whose  current  set  with  great  force  toward  tbe  north.  A 
tittle  later  Diego  Columbus,  the  son  of  tbe  admiral,  gathered  together 
bis  data,  combined  them,  and  aa  PieiTe  Martyr  d'Angleria  recounts, 
asserted  tbe  continuity  of  this  river  of  tbe  ocean  and  that  of  the  con- 
tinent which  checks  it  on  the  west  and  turns  it  back  iu  a  contrary 
direction.  Scientific  data  appeared.  Anton  de  Alaminoe,  after  he  bad 
accompanied  Cordova,  then  Orijalva,  aronnd  Yucatan  and  the  Gulf  of 
Mexico,  became  chief  pilot  of  Cortez  when  be  went  to  seize  the  empire 
of  Montezuma,  and  when  the  conqueror  fearetl  to  be  stoiiped  by  the 
jealousies  and  intrigues  of  his  enemies  in  Cuba  and  Madrid,  in  order 
to  baffle  them,  be  charged  bis  pilot  to  return  in  all  haste  to  Stuiiii  and 
carry  to  tbe  court  dispatches,  and  particularly  presents.  Alamiuos  was 
the  first  to  make  use  of  his  observations.  To  arrive  more  promptly  be 
took  the  longer  ronte,  and  leaving  Vera  Cm/,  turned  bis  vessel  toward 
tbe  north  of  Cuba  and  tbe  straits  of  Florida.  We  have  here  the  three 
successive  phases — tbe  oceanographiv  dimcovery,  its  formulation  and  ase 
lor  deductions,  and  lastly  the  putting  it  in  practice. 

All  seas  were  traversed.  Bartbolomeu  Dias  discovered  the  Cape  of 
Tempests;  Vasco  da  Gama  doubled  it  and  entered  the  Indian  Sea; 
Magellan  and  bis  Basque  pilot,  Sebastiiiii  del  Cano,  made  tbe  first 
voyage  around  tbe  world;  tbe  Cabots,  Jacques  Cartier,  Francis  Drake, 
Hudson,  Willoughby,  and  many  others  went  from  all  coasts  seeking 
empires  or  a  more  direct  route  by  the  north  of  America  to  India  and 
China.  Navigation  and  geography  gave  rise  to  the  first  observations 
relative  to  tbe  sea.  Each  people,  seeing,  with  reason,  a  competitor  in 
every  other  people,  took  tbe  greatest  care  to  guard  tbe  secret  of  its 
discoveries.  Tbe  Oartbagibian  boat,  pursued  by  a  more  powerful 
Roman  vessel,  did  not  hesitate  to  cast  itself  on  the  coast  and  to  break 
upon  the  rocks  rather  than  indicate  the  way  to  the  country  of  tin. 
Vaeco  da  Gama  in  hia  war  vessel  massacred  the  crew  and  passengers 
of  tbe  poor  Arabian  bontre  which  he  found  latlen  with  pilgrims  iu  the 
Indian  Sea.    However,  despite  all  efforts,  the  facts  which  could  be  made 
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■»  of  ««f«  $ioT)  J  diT«l«:«d.  wfnmL  aa4  racked  tht  can  at  scientists, 
■who»mtiffd  ibesn  aad  dtMnaiaatrd  tkcK  vhk  the  power  that  bad 
arisif-:.  vi:h  tb»  rcnai  iatvaoaa  «f  tW  art  «f  fimliag. 

Inicn^  a»i  i-arMKaly  avake  :b  fmiwliM  a*  kBB«-led£«  developed. 
n«  era  «£  s«<i^:iaf>Lic  d;T«.»iUM«  paaaed  bet  aw  w  there  were  no  mom 
enittivs  lo  wcf^arr.  C<«pMiiiiia  4ial  «■&  aad  tkoc  begaa  a  poiod 
daring  «i:k-h  a  pafs»»a  fcr  aanral  hi^T  aoaed  the  Mtaooa,  while 
h>d:r>isal$  hMv  prMti^lr  iht  Qiie  «f  ■ataialialB.  TVavders  viaited 
■nkTM>vii  isU^dj:  and  rca.mit^ts.  paaed  wixh  waaAvat  the  cariosities 
ofth«srlaiK!!^aiid«».hed  w  describe  thf  la  dHad.  Th^  did  Dot  at 
£r»«  nw;^  •i'T  vlM^htr  f«-  bo;  t Jj$  wnid  be  «f  aay  pnelica]  advanta^ 
l«t  <v«ir.TM<(l  ilK«i<w-^^«e  M>  ;br  kwovto^e  that  tbeae  things  existed, 
tbat  ibe  foms  Af  jtiuite  ai»c  «f  ai.:iBal»  vere  aaaaBal,  aad  Ais  was  soffi- 
CMSDi  to  ii:me$t  iVm.  It  wa$  iW  c^wc^  «f  eathafiaflw.  Ftdb  the 
■t-ddw'  ••f  tlM-  l»s4  emtsTT  ai:n^  a^Mat  the  bIMIf  «f  the  prooout  the 
mwhi  vw  ciikuKtied  of  annuJ  ioeaK.  af  |Mitilacal  ideaa,  of  art.  liieta- 
tan-.  «*-iK*.  »!^o  y-rta  pts-.cTai.iT.  l^«y  were  tak^  by  evwTtbing. 
l^i^f  (L.idrcu  in  ir.fuKv.  iltry  re.KMoed  al»art  withoat  aa^»eeting  it 
in  ;b«-  su:.t«d«-  iiJiVi'-"****-  "^  J«ss<rt«aii5  a  faiib  <ftf,  iadeed.  two  or 
tliiec  wInt  uikn  OIK-.  S««t:i.i;  «oi  bohUy  U>  disaacer  the  I'topia 
<tf  i)M-:r  i3r«-Aiti^  $ir<  l.>!i£  LiK>«n  and  5v<  alwavs  aa  aew  aad  so  fall 
of  fliftm.  iWy  m\«r<<ed  iW  eiwai?^.  tireai  fxif«e«6  woe  made.  In 
177i  Cook  nf-nX  •<•  Tith::i.  a^vyonpai.ied  by  the  aaUuahst  Panfter. 
*o  oltiwrr^'  iIj^  intii>ai  •>:  Venns.  In  ISl*  the 
»*nt  wciid  tW  w.«-id  on  the  Utiril,  *ri]h  the  ■ 
in  ISlii  itrc  :r.;nTr  a.iii.:t^  F^txroT  Took  Itarwia  ahaaad  his  shipi,  thr 
liroflt:  l«'C^u:ni ::»  ou  Uif  Ii<-fiirvM,  1  le  Freyoiaet  «■  tiw  rrmmicia 
ISi'T.  \~^V.u::i  oi.  i:b(-  i>(ii..i<  in  1S3A.  asd  scill  nthvs  stadied  the  nata 
ra:  hiM'ivv  of  n'.l  d.mftiwi  aim  iiroa^ni  back  lar^ eoOectiaBS.  Tltor 
w»<^  Tlic  sftiiM-  ei.t<-r;>nse  on  land  it>  on  wia.  VicHw  Jafiqac^Mnt  weat 
jf  liiiiiu  ■•v<-rrii>«  .i\c  «:ii  aruor.  tt:Ti>\>(:aTf>d  «iii)  lOTvofaoeBee  at  th« 
asit«-J  o:  ilir  w..ii.iei.->  »i>r;  tTftii.icr.T  of  luiTTiTe,  T^osr  who  wtae  ben 
liH^f  a  ceiiniTTr  n^i-  h—k  h»<-'L  on  a  (-li:'tuli<«<d  and  yeath  taiightBtd  by 
ll)(- la.-i  ^l•''IIll^  oi  rii«^¥cn)i<:i.>ns.  ^^  <•  did  not  ih^  have  eacydope 
dins  of  Mi'ioi'i.nc  romui'rc?^  i>ie  r  niiiioKteiir*-  of  kanaa  tiMwledfie  am- 
tuiiied  :i;  '<**"  juun-*  »>  il"'  me»'.  of  at:  eiiiipe  n\  in  iiaiMitaatijd  iato 
oiM-  stBiiV.  jwti.  »!id  wt-  •-iTf,  toi  *-ai,i  of  more  orlHR  aahataatial  aoar- 
ishnieio.  MTt-ed  lo  !f*d  on;  n;:ii.l>  »i:li  uaKU4ti.  We  be«a>)  with  th« 
liir;w>:T  o:  Siiii;luMi  ili*  Sa.iiW.  iiic  old  muj  oJ  ihr  Ma.  ibe  viflgj'  of 
<'iii«Taid?  ai'd  oi  rii;>ipsw  .-vor  »lii.  ii  ili<-  rof  faoreied.  beatot;  the  air 
m-::li  crejii  ontsi.rc*j  viiips-  ^^  cir^-in  on  Tiihiiif  lihnoT,-of  TOyagee — 
CiMit.  T>iiininiT,  1  »rtorei.  l.itprroiisr',  t.lM-  romiiiittwasaB  of  Jaeqaes 
Arapo.  Ill*-  l>;;i"'-  "'«".  aii.i  ti.c  »n.ir»i.).  iMTfT*;  of  Victn-  Jacqaeaaat. 
Will;  our  lHK>k>  of  |n;'iii7Ts — ai'<:  •liai  iiii-iiiTfs  tbe^wwe: — weeoaU 
liast  in  liic  (i»i:5Mi-  luM  of  ii-i  c  iii.lonii^  sci:;  we bmathadAe odors 
of  priii»ev»i  fiirfsrs,  whtvrt  ilie  iof;^    cocua  gtalni  wa^sd  its  lea^  tap 
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high  over  the  thick  ondergrovth  and  the  vast  flbades  at  whose  feet  the 
sleepy  waves  broke  softly  on  the  sandy  beach  of  a  desert  isle;  we 
looked  oat  into  the  somber  depths  of  starty  nights.  These  were  the 
feasts  of  thoDght.  Over  the  open  page  of  an  atlas  we  dresmei),  trav- 
ersing the  seas  from  the  Tropica  to  the  Poles,  braving  tempests  and 
eternal  ice,  gathering  incalculable  treasures  of  poetii;  thought,  the  con- 
solation and  often  the  strength  of  our  mature  age,  which,  after  many 
years,  dissipated,  scattered  in  light  smoke  by  the  wind  of  the  tem|ieats 
of  life,  terrible  and  implacable  as  those  of  the  ocean,  reduced  to  no 
more  than  the  bumble  denier,  the  widow's  mite,  remain  still  the  joy 
and  blessing  of  old  age,  which  advances  Djwn  a»  with  giant  strides. 

Just  as  the  thirst  for  discoveries  was  assuiiged  because  there  was 
nothing  more  to  discover,  the  thirst  for  natural  curiositieH  diminished 
and  in  its  turn  disappeared.  Many  grew  tired  of  being  enthusiastic, 
of  admiring,  when  they  thought  that  they  had  seen  everything;  they 
grew  more  tired  yet  of  catalogning.  Moreover,  it  was  necessary  to 
make  other  use  of  the  riches  acquired  than  giving  a  name  to  each 
object,  placing  samples  of  minerals  in  glass  cases  or  cellars,  samples  of 
plants  between  sheets  of  paper  in  a  berbarinm,  stufllng  animals  and 
setting  them  in  line  in  a  gallery.  Ideas  became  more  serious;  poetry 
and  fancy  gave  way  to  science,  which  is  in  itself  poetry  and  fancy. 
The  intelligence  of  a  man,  following  its  natural  bent,  wished  now  to 
gronp  the  accumntation  of  facts  in  bis  possession  under  hypothetical 
laws,  and  he  went  to  nature  to  verify  the  hyiwtbeHes  stiggested  in  his 
laboratory.  Cook  observed — that  is  to  say,  measured — the  transit  of 
Venus;  Dumont  d'  Urville  sought  the  southern  magnetic  iwie;  Sabine 
and  Sir  John  Franklin  went  for  the  same  purpose  to  the  arctic  regions. 
We  gathered  no  more  at  random ;  we  advanced  toward  a  deflnite  end. 

Little  by  little,  aided  by  the  progress  of  chemistry  and  physit^s,  the 
need  of  exactitude  is  making  itself  felt  everywhere.  We  are  ap[>lying 
it  to  oceanography.  Realizing  that  it  is  indispensable  to  measure,  we 
are  no  longer  content  to  describe.  We  invent  instrnmonts,  makvchem* 
ical  analyses,  record  flgnres,  which  are  condensed  facts,  and  true 
science,  methodical  and  useful,  is  being  evolved.  At  the  head  of  each 
chapter  on  oceanography  is  found  the  name  of  a  man  of  genius  or  of 
talent  and  an  instrnrauit.  The  currents  of  the  sea  have  Franklin  and 
the  thermometer;  the  topography  and  littiology  of  subnfarine  depths 
have  Buaehe  with  bis  isobathic  charts,  Brooke  and  his  detachable  sound-  - 
ing  lead,  Oelesse  and  his  lithological  charts;  the  chemistry  of  the  sea 
lisisPorcb'iammer  and  his  analyses;  thermatics  has  Miller-Casella,  then 
Negretti  and  Zambra  with  their  differential  thermometer;  optics  has 
B^rard  with  his  porcelain  plate,  which  shortly  after  becomes  the  disk  of 
Secchi;  physics,  the  mechanism  of  the  waves,  lias  Aim4  with  his  mer- 
cury gage  and  Che  ball  apparatns  which  he  tested  in  the  roadste-ad  of 
Algiers,  and  the  Weber  brothers  with  their  trough.  All  dataare  now 
reduced  to  graphical  form  constantly  improved  to  approach  nearer  and 
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nearer  the  truth,  showing  at  a  glance  on  each  sheet  of  paper  the  juc- 
ture  of  what  i»  going  on  over  the  entire  world  iu  each  order  of  phe- 
nomena, showing  this  even  more  clearly  than  it  ooold  be  seeu  in  nabire, 
for  on  paper  the  phenomena  are  to  some  extent  analyzed  uid  dissected 
for  easier  comprehension  of  their  components.  We  bave  leisure 
to  ex^amiDe  separately  and  at  the  same  tinae,  by  the  saperpositiiHi 
of  charts  having  the  same  scale,  the  salinity,  the  tempei*ature  of  the 
snrfiice  and  of  the  depths,  the  meteorology,  the  coulonr  of  tbe  bottom, 
its  mineralogic  constitution,  the  currents,  waves,  and  all  else.  These 
charts  permit  as  to  combine,  analyze,  synthetize,  ez^iiment,  Ham  up 
iu  every  way,  without  fatigue  or  danger,  without  travel  or  loss  of  time. 
The  scientist  considers  nature  without  leaving  his  laboratory,  whitJie 
gathers  the  entire  world  to  show  itself  in  its  slightest  deters  and  to 
unveil  its  mysteries. 

1  have  not  spolieu  of  the  author  of  theoretical  and  practical  oceanog- 
raphy, founded  on  experimentation  and  measurement,  as  rigorwis. 
considering  the  imperfections  of  the  instramenta  employed,  as  in  out 
own  time.  Maraigli  founded  it  atone  stroke.  Bom  in  Italy  iu  165S, 
successively  engineer  iu  the  service  of  the  Emperor  Leopold  I,  slave io 
Turkey,  member  of  the  Academy  of  Sciences  of  Paris  and  of  tbe  Boy«l 
Society  of  London,  covered  with  glory,  ignominiously  degraded  from 
all  his  titles  and  honors,  a  veritable  Bohemian  of  science,  who  stadied 
tbe  sea  iu  Provence  and  published  tbe  first  didactic  treatise  oa  oceanoi- 
raphy  in  Holland,  and  whose  funeral  eulogy  was  pronoooced  by  Fon 
tenelle.  Marsigli  rose  suddenly,  having  bad  neither  master  noi 
precursor.  Nothing  was  lacking  to  his  work.  It  was  complete — t4X> 
complete,  for  though  admired  and  appreciated  by  a  few  rare,  eminent 
minds,  among  others  the  illustrious  Boerhaave,  he  did  iiot  fooiid  s 
school.  Oceanography,  invented  by  Marsigli  in  the  last  years  of  the 
seventeenth  century,  fell  into  oblivion.  One  and  a  half  centuries  later, 
about  1842,  hi»  studies  were  taken  up  without  much  success  by  a  Frencb- 
man,  Aimc.  In  spite  of  these  two  men  of  genius,  who  were  merel; 
isolated  workers,  the  merit  of  important  discoveries,  and  especially  of 
methodical  work  continued  uuintermptedly  during  a  hundred  yeanj, 
gives  to  the  United  States  the  right  to  call  themselves  the  foandera 
of  oceanography. 

Applications  of  sciences  result  in  new  discoveries.  The  periods  of 
ambition,  of  geographic  discoveries,  scientific  discoveries,  observations, 
generalizations,  commercial  or  political  interests,  are  evidently  not 
clearly  defined.  They  intermingle  as  they  succeed  one  another.  The 
mind  goes  back  more  than  once  over  its  steps,  because  attention  is 
awakened  by  some  t>oint  which  has  been  passed  over  without  attach- 
ing to  it  sufficient  importance.  Phenomena  are  connected  with  one 
another  as  are  the  stndies  to  which  they  give  rise.  It  is  necessary  for 
the  success  of  the  fishing  industry  that  the  formation  and  character  of 
the  sea  bottom  be  uoted  and  submarine  lithology  be  observed,  because 
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the  skate  lives  in  mud,  tlio  sole  in  sand,  and  the  gurnet  among  the 
rocks;  zoology  seeks  to  learu  bow  tem[>erature  and  salinity  are  distrib'- 
uted  in  the  water;  tbe  telegraph  industry  needs  very  precise  topo- 
graphic charts  of  tbe  bottoms  where  it  proposes  to  lay  its  cables. 
Discoveries  multiply  and  every  science  develops  with  each  generation 
of  luen. 

As  soon  as  a  science  is  almost  complete  another  replaces  it,  or  i>er- 
baps  two  or  three  are  founded  together,  for  we  see  that  natural  mani- 
festations, believed  to  be  of  a  different  order,  are  dependent  in  reality 
on  the  same  law.  Evolution  is  going  on.  Mineralogy  is  only  a  chap- 
ter of  physics  and  cbemistry ;  chemisby  grew  out  of  physics;  physics 
grew  out  of  mathematics;  natural  history  is  differentiating  into  groups 
and  sciences;  paleontology  becomes  pateozoology,  a  chapter  of  zoology, 
and  paleobotany  a  section  of  botany;  stratigraphic  geology  is  paleo- 
ceanography  and  paleogeography ;  light  is  electricity;  rhythmic  vibra- 
tion, measurable  and  measured,  the  wave — of  sonud,  of  light,  of  heat, 
of  chemical  action,  of  electricity — rules  tbrougbont  the  universe;  bar- 
riers fall,  matter  follows  the  laws  of  tbe  mind,  everything  advances 
toward  scientific  unity,  as  in  tbe  social  domain  everything  moves 
toward  unity  of  condition — that  which  assures  to  all,  in  tbe  name  of 
their  common  right  to  life,  the  maximum  of  happiness  compatible  with 
the  human  condition.  There  is  slowly  evolving  a  glorions  moral  and 
intellectnal  unity  of  truth,  of  science,  offeree,  and  of  peace. 

Though  every  nation  aspires  to  this  final  end,  each  will  reach  it  by 
different  ways.  Wbile  we  hope  for  the  day  when  all  will  possess  the 
same  intelligence  because  all  will  possess  the  same  needs  and  tbe  same 
ideal,  this  day  has  not  yet  arrived.  We  see  this  in  every  event,  no 
matter  what  it  may  be,  literary,  artlstio,  or  scientific;  we  recognize  it 
in  the  way  in  which  oceanography  has  developed.  The  Englishman 
carries  into  his  researches  qnalities  of  precision  and  boldness  aroused 
by  tbe  thought  of  the  practical  utilization  which  be  knows  will  result 
from  his  discoveries.  The  North  German  carries  a  temperament  fond 
of  work,  but  opinionated,  slow,  and  diffuse;  tbe  Frenchman  bis  ready- 
witted  character,  a  discoverer,  original  bnt  not  persevering,  submissive 
to  routine,  which  he  never  ceases  to  execrate.  The  younger  nations 
are  profiting  by  the  experience  of  their  elders  and  inherit  tbe  improve- 
ments made  in  older  times;  they  are  endowed  from  birth  with  wealth 
of  incalculable  value  inherited  from  former  generations.  They  enter 
into  action  with  the  ardor,  theboldoess,  and  power  of  yooth,  and  conse- 
quently with  its  success.  They  take  tbe  first  rank,  or  will  do  so.  They 
traverse  in  a  few  years  all  the  phases  which  others  took  many  centories 
to  pass  through.  In  oceanography  they  undertake  voyagesof  discovery, 
make  geography,  pure  science,  generalize,  find  practical  applications. 
This  is  what  is  shown  in  the  history  of  the  development  of  tbe  studies 
relating  to  the  sea  in  tbe  United  States  and  Uussia. 
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THE  RELATION  OP  PLANT   PHYSIOLOGY  TO  THE  OTHER 

SCIENCES.' 


By  Dr.  .Titlius  WiESNKB, 
RmIot  0/  tk«  Umtrertity  of  Firana. 


Most  Wortht  Absbmblagg:  In  enteriD);  npon  tbe  honorable  but 
also  responsible  office  of  rector  of  oar  university  I  shall  first  perform 
tbe  duty  of  tlianking  my  honorable  colleagne^  for  the  trust  which 
place*!  me  in  this  position  of  hi^b  esteem. 

Few  institntions  have  outlived  the  century  so  vigorously  as  the 
rectorate  of  this  university,  which  has  become  more  and  more  strength- 
ened by  the  course  of  time.  The  reason  for  this  lies  not  only  in  the 
purposeful  eud  of  this  office,  but  equally  in  thix,  that  each  rector  placed 
in  the  balance  bis  greatest  possible  sacrifice  toward  the  fulfillment  of 
his  task  of  representing,  for  the  time,  tliin  highest  academical  honor. 
So  each  rector  has  become  an  example  Ibr  his  successor  for  the  most 
conscientious  fulfillment  of  duty.  So  accrued  to  tbe  office  an  authority 
which  will  make  it  i>088ible  to  exercise  a  diwreet  )H)wer  in  fulfilling 
the  assumed  responsibilities,  as  well  as  in  upholding  the  honors  and 
rights  of  tlie  office  when  sustained  by  the  wisdom  of  the  academic 
senate,  by  the  willing  cooperation  of  all  colteaguen,  and  by  the  trnstfitl 
demeanor  of  the  academic  youth,  who  have  alway.i  found  in  the  rector 
the  promoter  and  cliosen  solicitor  of  their  tme  interests. 

In  the  alternation  of  faculties,  and  in  view  of  the  alternation  between 
members  of  the  mathematical-nataral-science  and  of  tlie  philosophical- 
historical  groups  of  professorships  (a  principle  observed  by  common 
consent  in  the  philosophical  faculty),  the  rectorship  after  a  period  of 
five  years  fell  to  a  representative  of  the  flrst-named  scientific  group. 
1  am  grateful  from  a  special  combination  of  circumstances  for  tlie 
honor  of  bearing  the  rectornte  in  a  year  in  which  Austria  celebrates 
the  fiftieth-year  jubilee  of  His  Majesty  the  Emperor.  You  have  just 
heard  from  the  lips  of  my  honored  predecessor  what  preparations  have 

>  InangDral  addrewi  delivereil  on  Ibo  2'lth  of  October,  1898,  in  the  feBtivkl  ball  of 
the  Iliiiverait;  of  Vieuua.  Translated  from  the  original  GoTtiian,  pnbliahed  at 
VieniiB,  18»8. 
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been  made  by  the  neadunicsl  senate  daring  tbe  ]H«oediti£  ooll^iate 
year  for  a  relelvation  worthy  of  this  rare  occasion. 

Bat  the  jabilatioii  of  tbe  anniversary  has  suddenly  tnraed  to  deep 
sadness.  We  still  stand  under  tbe  dadng  influence  of  the  horrible 
d«ed  by  vhieh  oar  noble  Empress  was  torn  flrom  as,  and  we  8<»row 
deeply  with  oar  sorely  tried  aoj^nst  Monarchy  to  whom  w«  all  owe  so 
much,  and  not  least  oar  oniTersity. 

Daring  tht>  more  than  five  hondred  yean  of  it*  existence,  the 
Voiveisity  of  Vienna  has  passed  throogfa  no  more  brilliant  epodi  than 
ttM  half  cvutory  jost  closing.  We  are  snnoaiided  by  ^waking  wit- 
iMsaes — the  biulding  in  which  we  gather  for  work  and  for  eeletMmti(», 
tbe  iraadest  palace  that  was  ever  boilt  for  a  BniTersity,  and  »  corps  of 
insknicUoB  which  is  acarc^y  rivaled  in  the  whole  vorid. 

Most  of  ttM  professorships  and  oar  aoivetsity  iastitate  w-ere  (banded 
donug  the  reign  of  o«r  present  Emperor.  Indadiag  the  profesaorship 
which  has  been  iuirasted  to  ate — exactly  a  quarter  of  a  e^tniy.  Ite 
««s  the  first  r^alar  iwofes^urship  of  pAaat  aaataiBy  and  |ifcj  niiitiCT 
not  <Mil>~  in  AKi^tria.  bat  above  all.  in  aay  ■niveroity. 

la  &>i:(twin^  tin*  time  boaoied  retfaii^neat  ^  deliTeriag  a  let  tie  is 
th<»  field  «>f  oitv''^  speci;ilty  up<.>o  the  on*»i»  of  cateriag  into  the  new 
oAic«.  two  tlif«c«  «ei*ecuUT  piVMot  them^vee — the  itrrrlnf  rat  (f 
pLukt  ph,\-s:o;v>^  aad  :t»  [>reseac  staso^  Siace  both  amb>>.ta  ha v^  been 
T«cvn:Iy  ami  tb\>^'a^U'.y  a:><,-&ssed.  1  have  d«ci^«d  b>  take  far  the  aab- 
jMf  of  aiy  pr«»»t  adtiives  oc«  all:*^  to  and  anacvly  le^  iatcrcatzag 
thaa  thtitWt  aaoKiV.  -'Pii^  rvJas:oa  of  piaai  |  ~ 

*fi*oire*.~ 

la  tl.*  ajirrviw  "iaiics  of  :a*-  :i»e  .tlloRed  to  m^  i 
ttfsk^vJ:  is  A  few  -<rv»ii«  :i*«awi:;A;:«*wi«jia6liic  r 
fe«cv«<M.  v^-* '  iys;^■i•"!y'"  «->c  :L*  v>c*  ^■i•:^-  asd  «a  :he  m 
^%X'.~C  svnevy-vs^  -iz-i  :Ii«  $ik'^  a£<I  uc^c^  SKMfkcca.  am 
l>  »•  -."jjr:  ;;>"-<■.  I'lij"  7C^-«<?tM:Ss»;C  xufcvi y  a  bcam:h  ii 
i-.cs.oo;  :ja;  isisi-'l^'i  :a  ;:*  *iri.7o*  by  zlt^ochera 
rar-i  ::  >>r.:r.;i;"if*  ;.>  *>ivjLi';wn>?tt;  i  ^Arj:txA  teh£»  «f  a 

5-  til*  i-jjixids    c"  1  f.     As  7.;.-^>.-*i;i'I  iiicoi-sczy  hai  ABrh»M»B 

«cvc  r-'XL  i^-.  i"~i--;.i.:.-:-v.i--^:---i.  ti-i  ^7  — t:a.ra::*.  £i«t  =  l&a.«EVgia 
ti  - i^: '  '■  ■•■  r^'  " ■>:;■  ">*  ■"  *  '  ^~  roi.;:-  :^i:.:udcr«o»  *» * sannk «<  she 
i.-n.i.-.i>  i -.-*■: '.x  J^.K-  ■  »  7..T-i'a  c  ;<ir  aarmmwaeT  »iMii  i^ar 
.,  --.^.^   -.  -  -,;  :• ,— -t-:^«i  -i"  TJ-;  *S«n:    -iio.     £.~7trwmmm»  3ftat  g^v. 
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introduced  by  botanists,  but  originated  in  practical  life  and  passed 
over  tl-om  the  popniar  vocabulary  into  onr  science. 

The  first  demonatrablebeginuin^  of  plant  physiology  ve  find  among 
tlie  Greek  pbilosopbers,  chiefly  Aristotle  and  Tbeopbrastus.  But  iu 
these  beginnings  there  was  no  developmental  capacity.  In  onr  iudac- 
tive  developmental  period  it  was  necessary  to  lay  a  new  fonndatioD  for 
the  doctrine  of  plant  life.  The  Englishman,  Stephen  Hales,  in  the 
beginning  of  the  eighteenth  ceatnry,  was  undoubtedly  the  founder 
of  plant  physiology  in  general,  and  especially  the  founder  of  phys- 
ical plant  physiology,  while  the  commencement  of  chemical  plant 
physiology  is  to  be  referred  to  the  Hollander,  Ingenhonss.  Ingenbonss 
is  closely  identified  with  us  in  this  regard,  tliat  for  years  lie  reside<I  in 
Vienna  as  physician  of  the  Empress  Maria  Theresa  and  of  Em|)eror 
Josejib  II.  Some  of  his  first  contributions  to  plant  physiology  were 
worked  out  in  Vienna — a  fact  little  known.  Later,  until  the  middle  of 
this  century,  the  science  was  advanced  by  investigators  of  French 
nationality,  foremost  the  Swiss  investigator,  De  Saussnre.  At  the 
present  time,  all  civilized  nations,  the  Japanese  not  exulnded,  take 
part  in  the  advancement  in  this  field.  But  if  in  our  time  names  like 
De  Saussnre  and  Bonssingault  stand  as  towering  monuments  and  the 
teachings  of  Darwin  cease  not  to  iuHnence  our  physiological  concep- 
tions, there  have  been  for  many  decades  German  plant  physiologists 
who  stood  not  simply  as  compeers  of  their  French  and  English  col- 
leagues, but  withont  exaggeration  one  may  venture  to  say  that  German 
investigators  have  assumed  the  leading  role  in  the  solution  of  the 
most  important  questions. 

The  present  developmental  period  in  natural  sciences,  so  rich  in 
unprecedented  results,  is  characterized  by  the  inductive  method  of 
research  and  by  the  principle  of  the  division  of  labor.  It  required 
thousands  of  years  to  show  mankind  that  the  experience  of  all  knowl- 
edge takes  root,  and  that  the  human  mindj  with  its  limitations,  despite 
the  genius  of  occasional  great  men,  can  only  by  the  combined  work  of 
many,  each  deep  in  his  narrow  specialty,  arrive  at  the  solution  of  the 
great  problems  of  science.  As  a  consequence,  we  see  in  all  fields  of 
research  the  modern  socialism  of  scientific  progress  vanquishing  the 
intellectual  giants  of  the  olden  time. 

The  objections  to  the  principle  of  the  division  of  labor  in  behalf  of 
the  mental  stage  of  the  individual  are  well  known.  These  are  grad- 
ually disappearing,  and  I  will  leave  them  without  discussion.  But  for 
the  development  of  science  all  of  the  weaknesses  and  failnres  resnlting 
from  this  principle  will  be  eradicated,  as  I  shall  later  demonstrate  by 
certain  examples  at  hand. 

In  the  realm  of  botany  the  division  of  labor  brought  about  first  a 
separation  of  descriptive  botany  n-om  the  studies  directed  toward  gen- 
eral morphology  and  physiology,  which  latter,  reenforeed  in  a  measure, 
placed  themselves  in  rather  sharp  opposition  to  tbe  descriptive  side. 
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In  his  epoch-making  BlemeDts  of  Systematic  Botany,  Sf^Ieiden,  near 
the  middle  of  the  century,  challenged  the  HyetemstiBts  in  these  words: 
"The  time  has  passed  wherein  a  man  who  cnnld  give  the  uaniea  of  6,000 
plants  would  becauseof  that  be  called  a  botanist,  but  another  wbokner 
10,000  plants  would  be  designated  a  grftater  botauist,  and  the  formerly 
so  called  syslematic  botany  baa  been  thrust  back  into  ita  proper  place 
of  simply  a  hand  uervaut  of  the  true  and  exact  sciences."  Bat  the  sys- 
teniatJsts  returned  the  thrust.  One  of  her  foremost  representatiras 
declared  to  the  men  of  the  "true  science:"  "If  one  were  to  collect aO 
the  positive  results  thas  far  offered  by  plant  physiologists  it  would 
scarcely  suffice  to  fill  a  nutshell."  Wrong  judgments  lay  here  on  both 
sides,  such  as  are  always  called  forth  by  insufficient  knowledge  and 
limited  iusigbtintotherelaCion  of  things.  The  principleof  the  diviskn 
of  labor  led  here,  as  nsaal,  first  to  a  separation  of  two  so  closely  related 
territories,  and  it  was  only  as  one  of  the  later  results  of  the  applica- 
tion of  this  principle  that  they  were  again  brought  into  their  natonl 
relations. 

The  science,  however,  incurred  no  lasting  iojory  from  the  fact  that 
descriptive  botany  and  phyt^rology  first  pursued  opposite  ways.  In 
each  field  gowl  constructive  material  was  accumulated.  An  earlier 
commencement  of  common  constructive  work  would  only  have  led  to 
complications. 

A  really  gratifying  prospect  is  presented  when  one  considers  ho* 
gradually  systematic  botany  was  ailvunced  by  this  branch  of  physiolt^ 
in  its  widest  sense.  Linuii-us  and  his  school  could  still  content  them- 
selves with  a  very  t-lementary  form  of  pluut  description,  form  and 
position  of  leaves,  number  and  arrangement  of  tiower  parts — in  short, 
any  character  wliicu  a  plant  in  flower  presented  to  the  naked  eye  suf- 
ficed for  the  end  of  plant  description  as  then  parsued.  Now,  however, 
a  hundred  thoasand  species  of  plants  are  known.  Of  orchids  alone 
there  are  as  many  species  as  all  the  species  of  plants  described  by  Lin 
nifUH  put  together,  and  it  is  easy  to  see  how  the  few  snperficial  charac 
tfrs  at  first  nseil  for  distinction  of  s[>ecies  became  wholly  inadequate 
Besides,  descriptive  botany  could  not  content  itself  with  simply  distin- 
guishing plant  species  and  su|)plying  them  names. 

Furthermore,  it  became  uM-essary  to  consider  the  systematic  arrange- 
ment of  the  ever-increasing  siiecies.  There  had  also  to  come  into  play 
that  greut  principle  of  natural  sciem-e  investigation  which  one  of  our 
most  distinguished  colleagues  ha^  called  the  "economy  of  HGienoe." 
When  I  speak  ot  orchids  I  express  the  sum  of  all  those  characters 
which  are  common  to  these  S.OOO  s|>ecies.  This  expression  of  the  sum 
of  common  characters  must  jtossess  this  quality,  that  by  it  I  can  dis- 
tinguish this  plant  group  from  all  others  and.  besides,  express  thwr 
relationship  f"  "•*»■"•  •noups.  The  sum  total  of  isolated  characteristics 
must  be  bn  '•  simplest,  briefest  expression  possible.    Lin- 

UfeuB  sough  -'economy"  by  his  artificial  system.    This 
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was  a  good  kuy  for  the  detenomatioD  of  Bpecies  while  the  number  was 
Btill  amall,  but  it  was  far  from  being  a  natural  system  of  plants.  In 
order  to  attain  to  such  a  system,  one  had  to  dig  deep  into  the  devel- 
opment and  the  inner  Btrncture  of  plants.  This  permeating  of  sys- 
tematic  botany  with  general  botanical  knowledge  raised  this  study  to 
a  height  where  it  might  with  propriety  be  vailed  the  earlier  Bystematic 
botany. 

The  separation  of  plant  species  proceeded,  therefore,  no  longer,  as  it 
did  earlier,  upon  the  basis  of  external  characters,  bat  came  to  be  more 
and  more  promoted  through  the  facts  famished  by  anatomy  and  embry- 
ology. That  pnre  phyaiological  characters,  i.  e.,  characters  lliat  find 
expression  in  the  life  processes  of  the  plant,  sboold  be  brooglit  forward 
to  distingalsh  Bpeoies  is  one  of  the  latest  discoveries.  A  pi  ly Biological 
character  of  plants  would  formerly  have  been  held  as  oon-'al.  Diatin- 
goishiug  characters  were  wanted  which  were  always  to  be  found  in 
dead  material,  such  as  lies  in  our  herbaria.  So  long  as  Ihiit  sort  of 
character  Bufliced  there  was  nothing  to  be  said  against  the  proceeding. 
Now,  however,  we  meet  plant  formu  whose  scientific  natsre  is  to  be 
recognized  only  iu  their  life  activities.  A  Swedish  botanist  hns  made 
the  observation  that  rust  fungi  exiat  which  on  morphological  characters 
are  impossible  of  separation,  but  are  characterized  only  in  this,  that 
they  will  live  ou  one  or  a  few  species  of  grasses,  but  will  not  develop 
when  trauBferred  to  other  grasses  which  are  hosts  for  fungi  of  exact 
morphological  equivalence.  The  well-known  black  rust  of  grain  {Puc- 
cinia  graminia)  occurs  upon  wheat,  rye,  oats,  barley,  and  several  uncul- 
tivated grasses.  It  was  formerly  supposed  that  the  grain  rust  could 
choose  at  will  between  these  species  of  grasses.  This  is,  however,  not 
the  case.  It  is  known,  for  example,  that  the  rust  of  rye  can  devWop 
on  barley,  but  not  on  wheat  and  oats,  and  it  is  evident  that  several 
physiological  forms  of  grain  rust  may  be  distinguished  upon  this  ground. 

So  in  the  progress  of  research  has  come  about  a  union  between  two 
branches  of  botany  which  appeared  widely  separated,  so  widely  that 
it  was  formerly  supposed  that  the  chasm  between  them  would  never  be 
bridged  over,  i.  e.,  between  system&tic  botany  and  physiology  in  its 
broadest  Benae — indeed  physiology  in  the  narrowest  sense  of  the  doc- 
trine of  function.  It  is  plain  that  all  other  fields  of  botany  stand  in 
reciprocal  relation  with  physiology,  but  it  required  a  long  time  for  this 
state  of  tUiiiga  to  oome  about 

Nothing  would  seem  more  natural  than  thatin  acientiflu  investigation 
a  plant  form  and  the  function  of  its  organs  would  be  equally  con- 
sidered— to  consider  it  as  a  machine,  whose  parts  are  arranged  for  a 
purpose  and  in  their  combined  action  accomplish  an  intended  result. 

One  need  not  wonder,  therefore,  that  investigations  undertaken  at  an 
earlier  time,  with  the  purpose  of  making  clear  the  agreement  between 
form  and  function  of  the  plant  organ,  wholly  miscarried  and  led  to 
vague  speculations  and  barren  t«lleology.    It  was  iu  the  midst  of  our 
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(tirtactJve  remarch  period  when  these  natnral  pbilosophical  speeaU- 
tlonn  nought  to  establish  themseWes.  Once  again  it  was  the  retnm 
to  the  indiiotlve  method  and  to  the  priaciple  of  the  division  of  lahor 
which  cleared  the  way  to  real  progress.  There  came  abont  a  sbaip 
mindfriiig  of  morphology  from  the  doctrine  of  ftinotion — ao  sharp  that 
it  was  reganled  as  dangeroas  and  paniahable  for  one  of  these  sabjeets 
to  (teal  with  thiiigs  pertaining  to  the  other.  Under  the  obastisetDeot 
of  Bolilelden  no  one  attempted  to  demonstrate  the  functional  signifi- 
nance  of  a  morphological  structure.  Narrow  minded  as  this  method  ol 
procedure  a[>peare<),  it  was  to  the  pnrpose.  Embryology  of  plant  organs 
Krone  out  of  these  conditions,  and  physiology  was  gathering  richly  ol 
HMtble  ciouRtnictive  material  for  the  future. 

Only  a  small  part  of  morphology,  which  we  botanists  call  anatomy, 
but  which  Ib  identical  with  the  histology  of  the  zoologists,  developed 
along  with  physiology.  The  greater  part  of  morphology,  whieh  cor- 
roH|H>iida  to  what  soologists  call  anatomy,  pursued  its  way  iodepeadently 
of  physiology. 

I  venture  to  raise  the  qoestion  here  as  to  why  soology  and  botany 
hare  not  uhosen  the  same  expression  for  analogous  branches  of  tbeir 
salt>nt<e;  why  under  the  term  "anatomy"  botanists  and  soologists  des- 
ignate different  things.  The  cause  of  this  lies  again  in  the  principle 
of  division  of  labor,  which  at  first  always  leads  to  a  sharp  separatioo. 
and  only  after  advances  in  scientific  work  does  it  bring  about  qdiob. 
The  development  of  botany  proceeded  independently  of  zocriogy.  ami 
vk*  vwsa, 

Tsrmiiioloity,  taken  at  tlw  beginning,  is  not  of  snch  serioos  inpcr- 
tAmyi,  but  subs«t)Henlly  it  woaM  be  in  accord  with  the  "eoononyof 
M'ivmf'if  in  rvlatMt  snbjwts  similar  expnssioDs  wore  emidtqped  to 
t>\)tr<^ss  ainiilttr  com<«>(<ts.  That  will  cove  to  be  the  case;  and  ena 
now  iu  b«>lMt)y  thf  vxprv^^tn  "histu)of:y"be|rias  to  be  naed  in  tbe  ammt 
wus*  as  in  umlopy. 

Th<^  <.vIUtKir4[  ii>n  of  wwrfcing  materukl  in  the  focv  of  ilfiwiilisliiil 
Rk-t:^  <»■  th«  skt<*  of  iiM.>rt>h«>lt>$y.  dk^  well  as  ia  tbe  leala  of  tke  doetriM 
of  fUiK*ttv>n.  hM  akltnl  ill  hrtnjT'U^  tht-  two  netuvr  togtthec,  aad  the  aofea- 
lK>a  of  the  t|u^:aK>(ii«  as  u>  ch^  fiiQ>.-tton.tI  ii^  oirti  saMi  iif  ■«■  |ifcnl<igii  al 
»ttui-Cun><!'  i$  in  tuU  Utlt>.  The  kkk^i  sutreessfal  has  beoa  tbe  mBioa  of 
tu^>l t'hv>l\>4;tv-»I  *:-.d  t'^> ^v<A>^v:U  kiiovI«)iji^as  wyards  plaat  tassaes, 
thi«  ««ily  v>f  *a:vh,  ai#  (*r*v;ouslT  m«(iti\>n«^  was  tnm  tkc  Arst  oAei 
etiMP^K'4  v;;h  c^i>  tUvcr'::«  of  feiK-cioiu  In  thct  way  has  anacB  ■■ 
rvv'^nt  :;-fi<«  t^ir  aBu<.-h  (-u:;-,t-j:t>l  br^::t.-h  of  bvCftar  t»  whirk  has  baea 

Sv>  Sfli*    ■•■  — ^-iiA-'i    *tA;'xi*    sv  »Mir    rJaas    p^jsaslicy-  as  tlaos 
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identities  between  plant  snd  animal  lifeT  To-day  we  know  tbat  plants 
respire  in  tbe  same  sense  and  for  the  same  purpose  as  animals;  indeed, 
the  forms  of  respiration  are  the  same  in  both  kingdoms.  Besides  ordi- 
nary respiration  in  which  free  oxygen  is  taken  ap,  there  is,  in  plants 
as  in  animals,  a  so-called  intramolecular  respiration,  in  which  fixed 
oxygen  in  highly  oxidized  compounds  serves  to  carry  on  respiration. 
Tbo  newer  investigation  has  acquainted  us  in  no  equivocal  way  with 
the  power  of  motion — yes,  even  with  the  sensibility  of  plauts.  Slow 
movements  wliich  are  to  be  detected  by  change  of  position  during 
growth  are  common  in  plant  life,  but  even  very  lively  movemeuta  suoh 
as  are  exhibited  by  swarming  of  certain  reproductive  cells  (swarmspores 
and  spermatozoids)  occur  frei^uently  in  the  lower  groups  of  plants. 
And  shall  one  not  speak  of  sensitiveness  in  plants  when  it  is  showu 
that  external  influences  such  as  light,  gravity,  etc.,  act  as  an  irritant 
which  the  plant  receives,  conducts  to  parts  more  or  less  distant  aDd 
responds  to  by  some  definite  movement  or  in  general  by  some  deflnite 
reaction  t 

The  principle  of  tbe  division  of  labor  has  worked  here  as  elsewhere 
n  the  natural  sciences,  first  separating  and  then  bringing  together. 
Plant  physiology  has  gone  its  own  way,  as  has  also  animal  physiology, 
the  one  not  concerning  itself  about  tbe  other;  and  only  enlightened 
minds  have  first  discerned  the  inner  identities  of  both,  and  felt  them- 
selves compelled  in  the  solution  of  fundamental  problems  to  reach  out 
for  data  into  tbe  apparently  foreign  territory  of  tbe  other.  Thus,  one 
of  the  greatest  animal  physiologists  of  the  new  era,  Ernst  von  Brucke, 
who  oDce  occupied  this  same  place  of  honor,  to  which  investigator  we 
are  indebte<l  for  three  great  fundameutal  contributions  in  tbe  field  of 
plant  physiology. 

When  investigation  in  each  of  the  two  fields  had  yielded  a  rich  fund 
of  usable  data  and  had  placed  them  in  an  orderly  arrangement,  the 
union  of  the  two — plant  jthysiology  and  animal  physiology — began. 
When  one  takers  up  a  recent  work  on  animal  physiology  he  discovers 
with  satisfaction  that  already  mnch  consideration  is  given  to  tbe  facts 
and  conclusions  of  plant  physiology.  Recently  certain  works  upon 
general  physiology  attest  the  natural  association  into  which  animal  and 
plant  physiology  have  entered. 

The  relations  of  physics  and  chemistry  to  plant  physiology  lie  so 
closely  belbre  iih  and  are  so  well  known  tbat  I  need  not  here  go  into 
nearer  details  concerning  them.  But  that  both  tliese  great  fields  of 
investigation  stand  in  reciprocal  exchange  with  their  younger  sister, 
plant  physiology,  I  will  illustrate  by  a  characteristic  example.  One  of 
the  foremost  living  plant  physiologists  investigated  tbe  workiug  of 
osmotic  force  in  the  life  of  a  plant.  He  soon  had  te  learn  that,  how- 
ever mnch  the  physiologists  had  contributed  to  the  knowledge  of  this 
question,  both  in  elementary  and  wlvanced  works,  it  was  not  sufficient 
for  his  purpose,  and  thereui)on  it  was  thought  necessary  by  him  to 
BM  98 28 
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(Iv>(k)  with  »  wlu>lv>  strict*  of  t)ue8tii>us  in  osmotics  Irom  tbe  stendpoiut 
t>l'  imi-t>  )i|i,V!tiiK.  As  H  n'8ult.  au  iu»i^ltt  was  attaiDcd  by  which  tbe 
ttijjiiilU'.iitw  tkiid  f  \|>))iiiutii>ii  i>f  DUDieroas  processes  in  plant  life  eoald 
Ik'  witImhI  lit.  MoTMiv^r.  tli«  ^xi>errmeiits  of  tbiic  plsot  pfaysaologist 
tl>t-u>«H)  tli«-  tViiuitWioii  'tt)-!!!  wlik-h  w^ks  built  tb«  now  &Bioas  Taa'i 
tlott^i  tlus>r>  of  <iewotit-  pHMS^ur^.  whwb.  neeordine  to  this  thearr. 
<viii«'<*  »lHiut  iti  u  WLi\  miul<>p)U«  t«>  ilii»t  of  ^n^-«  prcasi>r».  Thin  i«  dm 
tiK-  tti-st  ti'ii(>  Uutt  i>l.tut  )>iiysi<>lo^t»t«  hm  tiiken  ap  tbtt  i\a^sxion  witt 
ht*'|-'^>' ''<^"''^  "■  (''■-'  tb>^>ry  of  orittHitM^.  Th«^  ^^«CftI  wid  maay  siiM 
l>tiCt\>>'ti<.'l,  tilt'  lU-^-ovt-n-r  of  " t>\i>^Btc>i>ts  Aod  cwloe^nsM.'  ira«  m  tbt 

Vs  «tt!t  •.-b<-ii(^-^ii>  AiLit  ;>liy^<.-ik  t<i;iiiC  phjstoloe;  ^UMbalsv  in  tkis 
ivl.il'oiior  '^'i'!>r'»f,i\*v-ii.i:i;p.' '••■:litti*wi>r"li«£yanii'-linii»o>l«gy.  Hm« 
i'l-.r','.  I'l.i-it  :■  >.'  '-i  ai'tvtfd  ':>y  ni^ti>or.i.>c;eiiI  owmiiriooi*  .kml  h*tm  the 
J  -111, 'If  .■![  ■•t"*i'^t';ai:oii  •■*  vf>-i.'enili'iir  -iimiq  cliouw  i»  evidenC  evwrj- 
*i|oiv\  '■..(     -i  :■  ;<r'nf  kin'v;ii!;:i'  >»'i:.ii  ■.iunt  r>i)y^»li)tpsG»  Iii»T«  <Gun«4 

',«  'I  '  I'.-f-t  ^(■■■•■iis  "viaf'jf  :<'  '.'ii'  'i:'f  ■![-'i«wst*s  of  pfciota-  timini  latA- 

»..!.ii,i  ■■.oi;'i   »;     )  ■.[    ■I'.'n.-.i|>iii>i;'i  -.ti    |>li:^>-c:oii»     Km!  TO    "jB  "^MEBn    in  "— — ' 

b\».  v'\  I  ii''.o,  'I'o  1,1'  v;,-„pi;  sx,  'II  iciiT  '■<  Vitn  Tiie  aBtfctiiuiitiai  •**« 
..i.-.i.     i.i      tv   *■   ,  !■    n   --v   iit-\-^    -t.ii   in>pik    Eitt  7«4<*r!ry  •H    "iiiL 

.Ui'-        iv     1   ■!  "    '.;     o.n-     II      ;i.  M:;    ~i.;i,       '..Kf -t;--«.  ..tianTi)ain(nt»    j*    a 

tl^■l^'  -\n-    1  ■>  -'  i*.^"    'I  ■    >*    ■■   ■'•("■lun*-  n'li    'T  Tiirit  imi    .[  jidr  "ii 
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thing  outside  of  the  circle  of  tUat  systematic  botany  which  deals  only 
in  nomenclature." 

This  rebuke  did  not  paSH  without  effect.  A  student  of  Sclilelden's, 
the  honored  anatomist,  Hermann  Schacht,  taught  hov  to  identify  the 
commoner  libers  used  in  spinning  by  microscopical  characters.  Soon 
from  Austria  stroug  iiopulse  nnd  effective  work  appearod  along  these 
lines,  where,  by  the  use  of  methods  of  investigation  practiced  by  plant 
anatomists,  the  fonndation  was  laid  for  technical  microscopy  and  the 
technical  study  of  raw  material  in  the  plant  kingdom,  which  two 
studies  were  first  placed  in  the  curriculum  of  the  technical  high  schools 
of  AuMtriu. 

Through  the  use  of  plant  physiology  in  questions  of  practical  iife 
this  science  came  to  be  an  aid  in  the  administration  of  justice.  The 
tx)urts  request  from  plant  physiologists  as  from  chemists  professional 
opinions,  and  more  than  once  has  the  botanical  institute  of  our  univer- 
sity been  in  a  position  to  respond  to  the  requests  of  the  court 

Botany,  as  is  well  known,  came  early  to  be  a  strong  aid  in  the  medi- 
cal science,  which  encouraged  not  plant  physiology  but  systematic 
botany — in  fact,  called  it  into  existence.  What  the  diggers  of  roots  and 
herb  dealers  in  the.Orecian  age  began,  Hippocrates  and  other  Grecian 
physicians  continued,  namely,  the  search  for  plants  with  healing  qnali- 
ties,  the  naming  and  distinguishing  of  which  appeared  in  the  most 
thoroughly  collaborated  materia  medica  of  Dioscortdes.  Uutil  the 
period  of  the  reawakening  of  the  arts  and  sciences,  this  work  formed 
the  chief  source  of  botanical  knowledge.  The  repayment  of  this  great 
debt  of  botany  to  medical  science  was  made,  however,  not  so  much  by 
the  immediate  debtor — systematic  botany — but  chiefly  through  plant 
physiology.  Let  the  science  of  medicine  always  remember  that  the 
subject  of  bacteriology,  now  become  so  imimrtant,  owes  its  origin  to 
botanists.  It  was  not  merely  that  bacteria  were  first  differentiated  by 
botanists,  it  was  likewise  a  botanist,  the  late  Pt>rdiiiand  Oohn,  director 
of  the  Institute  for  IMaot  Physiology  tn  Ureslan,  who  first  recognized 
bacteria  as  the  cause  of  diseases.  It  was  he,  also,  who  origluated  the 
vol)  known  generic  names  of  bacilli,  micrococci,  and  bacteria.  What 
importauce  bacteriology  h:is  come  to  assume  in  the  diagnosis  and 
etiology  of  disease,  for  hygiene,  and  other  branches  of  medicine  is  gen- 
erally known. 

Likewise  those  branches  of  plant  culture  which  gave  the  first 
impnise  toward  the  eslablishment  of  plant  physiology  have  in  turn 
been  lichly  repaid  for  all  the  suggestions  and  usable  facts  which  they 
furnished.  Agriculture,  forestry,  and  horticulture  are  to-day  ])er- 
nieated  by  the  spirit  of  plant  physiology,  and  what  these  practiciil 
studies  have  gained  in  scientific  insight  is  for  the  most  part  due  to 
plant  physiology.  It  must  be  said  also  that  agricnltnral  chemistry  hns 
contributed  materially  to  the  principles  of  plant  coltore,  hot  the  one- 
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M^nno-tf  ■.tT'-..  It,  v.  m  It*^  -wmI  j«t^  fftr  i'omI.  «tus  <«"  cfa«  nHUerai 
f-iV,...    r.,   «  ,.•«)  ,V,.-   ,ri,^   KirpMNPn.  HMt  »taU  i»  [Bcxeiy- DCsXiaL     Tboa 

r.^(-/,'np  rin-f/.'-'n^fl  M'n  •^T^'^lliintl  .ihynwthnj,  wtueh  Gb-*!^  i»  at  b* 
'-/.•>>'»M  i^""  '>f    'I'  i)o>rt  .miynTAiir.  «iulira  diaC  omtzilMte  Cd  pEarOBW 

Til'-  rrnifi'iil  '■'Wfx^tt'xn  of  vi^^nil*^  l«aniiii|;  aad  of  agiieuitnre  ^L 
m<1»'*r/  ni'iv  rw>  illiiit r-tT"!  Iiy  chft  Jhllowint?  inMmetive  sx^mpie: 
f/mu'  Ir^Trrr'-  l.i«>l>i[('-(  hriiA  rhA  farovT  kiMW  thM  tlie  eoitivaxiaii  of 
|r /iMFiiii^m  (■cA]^  imnl't  mnh'^  ttm  «>tl  rirbcr  in  aiCmgen,  in  that  nitio- 
l^'n  rTTFiiKninrN  Ar^()Fr>iilHt«  rh»t,  wbinb  can  be  rMiiiiinilmrrd  hx  plwiHr 
fr,  fi\*  nl"F  ktk'wn  rh>tt.  Utirnminnnfl  ptaats  prodoee  peenii^  little 
riitf'>r''l''a  irit  riiMr  r'Ktt->i,  <v)ii''.h  ffffrft  erpfuiMd  m  hdM  raried  and  or- 
ridiiot'iiiNnl  W'tv*.  ft^wt^Tkrlotrif  nl  iiivextit^ation  baa  shown  that  these 
fiil.r>n  l^■  Niri«ril(Ft«  rt">  htitrirAl  of  rwrtaiD  bacteria,  which  obtain 
MilfniF'"  U\\h  tlFf>  r^FfFM  »r  IfiKriniinonii  plan U,  and  lire  there  io  the 
Ktiilfinllr  li(>)|Fr(il  rnlitHoii  (rf  oymlflrMii*.  Tfa«iie  bacteria,  which  live  in 
(icriM,  ImiIIIn.  lti)il(ii'H,  nlo,,  (hinmikm  the  ramarkable capacity  of  bringing 
llt«  iiMtMtf'li  III  llif>  Filr  iHiiilttlrii'il  III  (Will  Into  componndB  which  can  be 
ii»<)ltiilt>tli<tl  lir  \\\\\\M.  'I'liii*  Mio  old  riddle  was  solved.  If  beanebe 
|il>iiili'il  III  olt'illl'Hl  noil  l)it\v  t(r<>w  U<Ha  vif^roasly  than  in  ordinarr 
Hull,  i^lili'li  liiiilxii'i  llio  liiii>ti>iii(  hi  iiuMtloD.  Abundance  of  tbe«e 
|<i'i'ii  11-11  li>i<'lt>tlHlli  Mir  "III!  liicHHtMx*  tlip  imMluotiveness  of  leirnminoas 
i'ii<l><«  IliU  ki<i>Mli'ili:i>  liitH  itxtiiHiHl  in  n  new  industry.  In  the  &ido«s 
ilu'iMiil<'<  ti|  Mt'Uii'i  tV  t.iii'liiH,  in  llt>i>hiit,)i«  irenerated  a prodnot  c^led 
I  iiili.i,-tii"  III)  tli|t  t>itltl\ii(ii>ii  >'('  Infii'*^  iM*a8.  and  other  lagn— ■- 
t'liU  '  i,iii.i,'ii."  (t  '•tiii|>1>  <Mli(ivit«ll,<i  tiii'r*'»»s»d  baoteria  of  diJIacat 
^l',.ti'*  kvi'i  iH  *'«»'  Mv-inm  -ta^^s  w Inch.  atWifd  to  the  soil  ia  whirk 
»!.»....,.<  v'>,  tiv  i''»>t^>). '>it'tAM'<*v^  tUv  (iiviui;tbl»  aitroyea  sapfriy. 

"^ ■•■'*   '*'"*  »'''^'*    ■o,'H-^'v\-<».  »*T*  rtvtil>  repaid  in   pc^eckal 

k,.'».  !m  i.'t  .*  ..'h  ..,-\.,^v  .v.,  »'i,,:  i^n  :,^  •!■-«  Ittraished  fiw  -wark- 
"-,   ,.'"  ■  .'      ".    .•>,-  A-,  .ti  ^'1    'v>.'*>i>,iv   t:'>l   $::iti(t,b»^ 

V\>'.   ■•'  ■     I..."      -     S>.«.v..    '  HK-.»     »  i-i    ■■;-•»  Tk-*    'S    awe   : 
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called  forth  many  relationships  between  it  and  the  social  sciences. 
What  it  has  done  in  explaining  tlie  exhanstiOD,  what  it  tias  contribnted 
to  the  nnderstandin^  of  tlie  significaDce  of  the  forest  covering  for  cli- 
mate and  for  the  cnltivation  of  field  and  garden  vegetation  has  benefited 
the  social  stnences.  But  there  are  besides  many  other  relations  exist- 
ing between  these  two  seemingly  widely  separated  sciences.  In  order 
ftirthcr  to  UluBtrate  this  I  will  give  another  example,  intentionally  an 
extreme  bat  instructive  case.  For  almost  a  centnry  men  busied  them- 
selves with  the  question  as  to  how  long  the  earth's  stores  of  coal  would 
last  in  view  of  the  euormoiia  increase  in  the  use  of  ftiel.  The  estimates 
awakened  grare  apprehensions,  though  one  might  reaasuru  himaelf  by 
this  fact  that  the  premises  upon  which  such  dire  conclosiouB  were  based 
lacked  very  much  of  being  accurate.  Next,  comes  firom  across  the  ocean 
a  more  disturbing  and  vexations  intelligence.  TLroagh  the  American 
and  English  papers  goes  the  news — reflected  also  in  the  German  press — 
that  the  danger  of  extinction  of  mankind  woold  come  sooner  than  had 
hitherto  been  feared.  Under  an  appeal  to  the  authority  of  a  great 
physicist  it  was  claimed  that,  with  the  increasing  consumption  of  min- 
eral ftiel  by  the  various  industries,  all  supplies  of  mineral  coal  would 
be  exhausted  within  five  hundretl  years.  But  the  last  remnants  of 
coal — BO  it  was  further  claimed — it  would  no  longer  be  posBible  to  bring 
oat  of  the  earth,  becanse  in  the  meantime  the  oxygen  of  the  atmos- 
phere, as  a  result  of  the  enormous  increase  in  combustion,  would  have 
decreased  to  such  a  limit  that  the  air  would  no  longer  be  adapted  for 
human  respiration. 

The  computations  in  question  seemed  to  be  entirely  accurate,  but 
again  the  assumptions  were  uncertain,  upon  which  these  terrible  results 
were  predicted,  as  indeed  the  whole  question  whose  solution  proceeded 
upon  compItcationB  of  a  similar  kind,  were  dealt  with  only  from  the 
chemical  standpoint,  quite  disregarding  the  character  of  living  organ- 
isms. 

Every  condition  of  the  earth  which  corresponds  with  the  Kant^ 
Laplace  theory  forms  the  starting  jioiut  for  computations  like  those 
above  cited.  All  of  the  earth's  carbon  is  burned  up;  all  of  the  oxygen 
allotted  to  our  planet  is  exhausted.  After  cooling  of  the  earth,  the 
green  vegetation  appears  and  generates  free  oxygen  under  the  influ- 
ence of  sunlight.  This  hypothesis  derives  the  whole  of  the  atmos- 
pheric oxygen  from  the  green  vegetation.  Since,  at  that  time,  there 
was  no  other  natural  sonrce  of  oxygen  upon  the  earth  besides  the  green 
plants,  it  followed  that  with  increasing  combustion  the  oxygen  supply 
would  diminish.  In  order  to  check  this  decrease  it  was  advised  that 
extensive  areas  of  fruit  trees  should  be  planted.  So  it  was  hoped  that 
in  this  way  a  sufficient  <iuantity  of  oxygen  and  human  sustenance 
would  be  assured  to  help  out  Che  inhabitants  of  the  earth.  What  small 
agencies  opposed  to  the  harmonious  working  of  the  powers  of  nature! 

Upon  how  weak  a  foundatiou  the  foregoing  hypothesis  stands  may 
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coDsuniptioti  of  coal  iiee^l  lead  to  no  diaqaietiule,  at  leiist  in  so  far  as 
there  will  be  no  dimiuntion  of  oxy<;eii  in  tliu  utinoapbere. 

I  have  dealt  tha»  at  length  with  tbis  illustration,  because  I  wished 
through  it  lo  indicate  to  what  false  coiicIusiouH  oDe-sided  assumptious 
and  problematic  sujipositious  can  lead.  The  problem  in  question  here 
is  much  more  complicated  thun  is  often  supposed,  even  by  pn>niiueDt 
scientists,  ■.■m\  to  the  objections  which  1  have  already  urged  against 
this  floctrine  of  diaaBter  very  many  more  may  be  added,  though  it 
must  be  said  that  the  matter  was  never  taken  very  seriously  in 
scientific  circles. 

lu  the  impulsiveness  of  its  youth,  natural  science  has  framed  still 
many  other  oue-sided  suppositious  when  dabbling  iu  strange  territory. 
ThusLiebig  ascribed  thedcwiifall  of  the  world-embriicing  Roman  Empire 
to  the  exhaustion  of  the  soil,  to  the  lack  of  phosphoric  acid  and  jmtas- 
Bium  in  the  cultivated  laud,  brought  about  by  "  robber  farming,"  i.  e.,  by 
too-coutiuuous  overcultiviition  of  the  soil.  With  iiropriety  I)u  Bois- 
Beymond  rejected  this  theory ;  but,  on  theother  hand,  the  historian  could 
not  agree  with  this  critic  when  lie  said:  "Koman  cultnie  diuapi>eared 
because  it  was  built  u|>oii  the  (|uicksand  of  aesthetics  and  speculation." 
Du  Bois-Keyuiotid  likewise  attempted  to  solve  a  complicated  phenome- 
'  uoti  by  too  simple  a  formula. 

Inadvertently  we  have  Just  touched  upon  the  relations  of  the  natural 
sciences  to  the  mental  sciences,  espei^ially  of  history.  For  a  lonj;  time 
these  relations  were  very  uncongenial,  and  insufficiency  of  knowledge 
and  narrow  conceptions  upon  both  sides  have  often  enough  led  to  severe 
strife.  The  lirst  attempts  of  naturalists  to  engage  in  the  solution  of 
historical  problems  from  their  poiut  of  view,  and  of  historians — I  recall 
here  above  all  Buckle — to  make  use  of  natural  history  teachings  in  his- 
torical research,  did  not  turn  out  well,  and  on  that  account  couh] 
scarcely  contribute  toward  an  intellectual  intercourse  between  the  two 
'*  camps,"  as  tliey  were  referred  to  frequently  iu  those  times  of  strife. 
It  happened  more  freiiueutly  that  ttiese  eO'orts  suffered  a  severe  rejec- 
tion.  So  the  saying  was:  "With  the  knife  of  the  physiologist  one  may 
Dot  cultivate  the  hard  soil  of  history,  but  to  that  end  is  needed  the 
strong  plow  of  the  historian."  Or,  an  eminent  historian  relates  that  it 
had  been  toatle  clear  to  him  that  history  could  not  permit  itself  to  be 
molested  by  Darwin  and  his  associates. 

An  eminent  historical  investigator  who  once  occupied  this  jilaceof 
honor  published  very  recently  a  work  on  genealogy.  This,  the  author 
himself  said,  built  the  bridge  between  the  historical  and  the  natural 
sciences.  In  this  work  the  eflbrt  is  made  to  present  systematical iy 
genealogy  as  learning  in  all  its  various  relations  to  historical,  social, 
politit-al.  Judicial,  and  natural  science  questions. 

The  animal  physiologists  as  well  as  those  of  botany  have  busied 
themselves  not  a  little  with  the  qaestiou  of  the  determioatioa  of  sex, 
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but  :U«;y  jiw  ^■wti:i;.!i-rvtl  :!i;>.;i»»tiMi  (twm  th*««Uiee«etiie  standpoioL 
t(  I  tuay  su#-\;Tva»  :':  tinfy  ii^cf  -imply  j«*k««L -*  W^^ic  «oa«ljtKW8  <••' 
tlM  isuvBC^  vui  v'juC  mdwuL-vs  opiMi  rlHnn  fifij  Jirvetly^  to  aiaic  «r  U 

noa  at  '-ii  ■|.'i;*-ut;tii."j:.'y  a«tKw«i.  J  I  amy  zhaa  Main  express  it.  TV 
Att-iyr  rws**^  ;atf  (:ie^JCoii.  -uukiv.  <Thech«r  ta&tffi^uiee  ia  aoc  «»f  sj 

;■.»?*.  j-^f  Jt'C   iirsr:i«£  rj  ppMiru.-^  tfiriier  »&atty  «»■  ehwdf  «isfci»  ^- 
',:  •>  11'  ,'!.«  ■ii.ny  -w'l.t  ii  mr  "j;?^Mr-an  jua  broa^ghz  Axwjx*L  fi«c  "it 
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of  a  not  nnimportaot  bit  of  tbe  history  of  civilizatiou.  In  tliis  direc- 
tion, meanwhile,  there  had  appeared  early  botiinical  contribntioDs.  For 
JDStaiice,  I  would  recall  that  a  professor  of  botauy  in  onr  imiverBity, 
my  ever-remembered  teacher,  Franz  Unger,  renowned  as  a  ithint  phyHi- 
ologist,  submitted  important  eontributiona  toward  a  knowledge  of  the 
origin  uf  the  varions  cultivated  graiiis  and  other  cultivated  plants  of 
imiwrtance  to  mankind  during  bis  botanical  incursions  into  the  field  of 
the  history  of  civilization. 

In  this  very  territory  of  the  history  of  civilization  the  most  widely 
differing  branches  of  mental  and  natural  science  become  associated. 
For  example,  by  such  avssociated  investigation  was  demonstrated  the 
distribution  of  the  most  importaut  cultivated  plants  from  Asia  to 
Greece  and  Italy,  aud  from  here  over  the  rest  of  Europe. 

The  origin  of  wheat  is  lost  in  tradition;  the  Greeks  considered  it  as 
a  gilt  from  Ceres,  the  Egyptians  a^  one  from  Isis.  Neither  from  the 
historical  nor  from  the  linguistic  point  of  view  is  there  any  indication 
as  to  tbe  origin  of  wheat.  But  the  physiological  character  of  this 
cereal  shows  that  its  original  home  must  have  been  in  tbe  Steppes. 

Again,  the  native  habitat  of  barley  is  shrouded  iu  darkness.  Bat 
on  the  other  hand,  on  liugnistic  grounds,  the  native  habitat  of  rye — 
which,  Hke  wheat  and  barley,  is  one  of  the  Steppe  grasses — is  to  be 
sought  between  the  Alps  aud  the  Black  Sea. 

The  distribution  of  many  of  tbe  more  valuable  species  of  fruits  from 
western  Asia  through  Italy  to  us  has  been  confirmed  on  historical,  lin- 
guistic, aud  natural  science  grounds.  The  home  of  the  peach  {peraica) 
lies  in  Asia,  perhaps,  as  the  name  signifies,  in  Persia.'  In  tbe  days  of 
the  Roman  republic  the  peach  was  unknown,  aud  is  first  mentioned  in 
writings  of  the  first  ceutury  of  the  empire.  The  culture  of  the  peach 
tree  in  Italy  was  begun  and  prosecuted  by  slaves  and  f^eedmen  f^m 
western  Asia,  who,  moreover,  established  the  famous  frnit-culture  of  the 
Bomans. 

Likewise  the  cultivation  of  vegetables  spread  from  Italy  over  Europe, 
as  the  names  of  many  vegetables  show;  for  example,  the  name  "kohl" 
for  onr  commonest  vegetable  (cabbage)  is  taken  from  the  Latin  word 
caul  is.' 

Plant  physiology,  like  every  science,  whether  it  be  only  through  bring- 
ing forward  explanatory  figures  or  through  systematic  contribution,  has 
stepped  into  aSRociation  with  philosophy.  The  attempt  to  gain  a  con- 
.^ceptionof  the  molecular  or  micellar  structureof  themake-apof  cells,  or 
through  direct  observation  to  disclose  the  ultimate  life  unit  of  the  plant 
through  known  facts,  belongs,  as  does  the  origin  of  invisible  atoms  and 
molecules,  in  tbe  region  of  metaphysics;  that  is,  they  are  within  tbe 
province  of  philosophy. 

'  According  to  Ttuhse  the  peach  tree  grows  wild  in  the  Persian  proTince  of  QhiJan. 

! Certain  varieties  of  "kobl"  (cabbage)  (e.g.,  tbo  varviot)  utc  cUled  iu  lower  Aao- 

trian  dialect ''  kaali/'  whicb  oorceaponds  more  neul7  to  the  Latin  •torn. 
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lYrUaiHt  I  hIiuII  not  be  aueusud  of  guing  too  far  if,  finally.  I  oonakltT 
It  luoiiuMit  tlioMttut-what  i>Uaiitasuiicu]ly  spau  threads  which  bind  plant 
pliy^tulotty  with  psycluilo^y.  1  haw  iu  miiul  that  work  of  Fevhua, 
lh(>  finuitlfr  <>('  |>.i)'i.-)iupU>'sics,  i>ublishe(l  iu  the  storioy  year  of  Id4^. 
u  UM>k  wi-itleii  with  tlie  teml«rvst  humau  syiupatby.  It  had  been  for-  ' 
iiurly  tluui;:l)t  thitt  |>)uut»  were  iiii:a|>able of  loeomotioo.  aod  on  that 
b».\l«t  W(>i-v  ilistiii)f>ti''he<l  IYvhu  uaimitls.  Ttiis  view  was  rerated  by  Um 
H4iutt>  tttt'ts  which  ile!«troyetl  the  K>Dj:-b«l(l  (pinion  as  to  the  iiiseii4 
bilit.v  mC  |i1iuiU->.  Nuw.  the  lu:i^t  year  has  broagbt  valoable  explauatiuoi 
i4'  tho  )Hiwvr  oC  »eusatiuu  iii  plants  and  uany  fancies  of  FevrbDer's  ai 
tit  ib«  M>usibility  of  i>lant$  have  been  traosfiMMcd  into  seieotificalij 
|[VvH)uU«hI  \  iew^  The  rei.vi4>ou  and  condactioo  of  dtiBali  and  respDo<< 
ht  Ihoiu.  »»  iu  the  uen>.Ht3  system  of  animals,  bare  been  destoB^cralRi 
tilibt^t^b  tU«<«ie  ttr^nisius  have  ■!•>  uervvs.  bat.  as  Fcchnex-  said.  IniK' 
tt\>tt  oiteu  .«»  if  tlioy  h.Ml  Derve:h.  It',  now.  |tlaiits  posseu  m  sa«l  in  ;i« 
«wi«!K>  etut''v*y^l  by  u'AMlem  psyvho^'^.  thett  inti^aKT  with  the  tile  ai 
|4AUt»  »v>t!\l  »»:N-r  ;Le  (>.-yi.-lnv!r-s;-i  s  uvh  ^i^ftun  i«  testing  (be  psj 
^t'Asd  H;-»;A«t*  irvai  ;..e  >iaunh^  i=:  tfC  ;h*  initT  rf  aII  or^aai^ 
b>'("^'<  A'  d  .'-V  x'>-:r  •fv».-£  ^tMr.i;;<  3  o:  laeie  jw-Tchic  iwmeaaa*  f:i« 
v<N-t  ■■■V    -."vIV.-Ts. 

»\>'.»;<.' -^oi'  ■  ■  (    :   -     i-vv-.-.:!.-  ■>.■  :::e  -iliirr  ■^■■.•'aof?s.     I  ^t«  aoc  mn 
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seems  to  be  one  great  totality  whose  parts  are  id  reciprocal  relatiou  and 
mutual  interaction,  like  tbe  organs  of  a  living  organism.  1  wonld  like  to 
consider  tbe  unity  of  ecience  under  tbe  figure  of  a  tree  of  life  vbich 
growu  upward  from  tbe  eartb  from  which  one  part  takes  its  power  and 
nutriment  and  in  which  it  finds  its  support.  The  parts  of  this  tree — 
roots,  stem,  branches,  and  whatever  they  may  all  l>e  called — appear  to 
ns  externally  different,  but  within  they  belong  together;  they  stand 
among  each  other  continually  in  helpful  interaction.  As  the  oi-gans, 
so  are  the  tissues  adjusted  to  each  other,  and  not  one  of  the  millions  of 
cells  in  a  tree  la  without  purpose,  and  if  each  cell  does  not  stand  in 
fast  relation  to  all  others,  how  also  need  not  each  single  scientific  ques- 
tion be  related  to  all  otherst  This  can.  as  little  destroy  the  unity  of 
scieoce  as  tbe  unity  of  organic  structure  of  a  tree  cau  be  destroyed 
by  tbe  fact  that  each  cell  does  not  stand  in  mutual  relation  with  every 
other  cell. 

Wonderingly  we  see  this  tree  of  science  develop  and  broaden  out; 
but  for  this  provision  is  made,  namely,  that  this  tree  shall  not  grow 
even  into  the  heavens. 

After  thousands  of  years  of  seeking  and  groping,  mankind  has  finally 
discovered  how  he  may  reach  high  aims  of  knowledge  in  spite  of  the 
limitations  of  his  mind,  by  the  often  slow  and  heavily  progressing  induc- 
tive method,  and  the  principle  of  tbe  division  of  labor,  which  first  leads 
to  division,  but  after  a  rich  harvest  binds  all  together.  It  becomes 
even  clearer  that  the  synthetical  mental  work,  flowing  out  of  the  prin- 
ciple of  division  of  labor,  must  lead  to  even  greater  conceptions,  and 
that  tlie  number  of  men  must  be  even  greater  who,  raising  themselves 
above  the  level  of  specialists,  will  be  investigators  in  tbe  best  sense  of 
the  word. 

Held  in  bounds  by  tbe  exact  nature  iif  its  work,  scienco  strides  for- 
ward, ever  attaining  more  and  more  of  what  is  seemingly  unattainable 
to  the  human  mind,  and  likewise  ever  more  clearly  recognizing  the 
unattainable  as  unattainable.  Indeed,  more  and  more  we  come  face  to 
face  with  the  limits  of  oar  knowledge.  To  the  Grecian  thinkers  it 
seemed  a  play  that  allowed  the  living  to  spring  out  of  tbe  lifeless,  plants 
or  animals  from  slime  or  damp  earth.  But  the  inductive  metho<l  has 
led  us  thus  far  to  know  that,  so  far  as  observation  can  go,  the  living 
can  arise  only  from  the  living.  Even  the  smallest  known  living  beings, 
the  bacteria,  do  not  come  into  being  parentless,  ns  not  long  since  the 
last  notes  of  retreat  of  the  defense  of  spootaueous  generation  declared. 
In  tbe  organism  itself,  all  that  is  living  proceeds  only  out  of  the  living — 
the  cell  from  a  cell,  tbe  nncleus  from  a  nucleus — and  tbe  smallest  plastid 
lying  on  the  very  border  of  microscopic  observation  proceeds  from  its 
like.  Tbe  possibility  enlarged  upon  by  many  naturalists,  that  in  tbe 
organism  living  constituents  can  arise  spontaneously,  is  only  a  renction 
of  the  old  doctrine  of  spontaneous  generation;  for,  bo  £iir  as  Investiga- 
tion shows,  there  can  rise  within  the  organism  organized  subslaaoe 
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ouly  oat  of  the  organized.    So  (hat  growth  of  orgauisms  appears  to  us 
only  a  maltiplication  of  what  is  already  at  band. 

The  progress  of  research  has  reduced  to  naught  all  the  foets  thai 
pointed  toward  apontaneons  generation,  and  so  we  find  oarselves  dnlj 
forced  to  tnm  away  fVom  Bpontaoeons  geueration  and  to  regard  tkc 
living  substance  as  given,  just  as  the  physicist  regards  matter,  and 
takes  no  further  thought  as  to  the  question  of  its  ori^^.  The  mod 
exact  research,  even  in  the  domain  of  matter,  has  led  to  impaasaUt 
boundaries,  and  the  old  riddles  of  the  world  and  all  its  beings  remsic 
ansolved  in  spite  of  all  progress,  and  we  know,  perhaps  more  clearlj 
than  the  thinkers  of  earlier  science  epochs^  that  their  solation  lies  beymd 
the  power  of  the  human  mind.  They  remain  as  nnsolvable  to  tkc 
greatest  philosopher  as  well  as  to  the  simplest  nnderatanding.  Otba 
faculties  of  the  mind  than  those  bnsied  in  the  sober  pnrsait  of  setence 
may  undertake  to  show  a  tangible  relation  between  eternity  and  oni 
own  insignificance. 

The  iniud  of  the  most  learned,  free  from  the  shadow  of  ita  own  gnat- 
ness,  bows  with  the  spirit  of  a  child  before  the  unknowable,  before  t^t 
source  of  all  Being  which  the  greatest  German  poet  has  thos  designated: 

"    ■    ■    •    der  sick  telbat  eraobuf 

VoD  Ewigkeit  io  acbaffeudem  Beruf, 

'    '    *    der  den  GUab«a  schafFt 

Vertnu«n,  Llebe,  TbStlgkeit  nod  Kraft." 
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PITHEOANTHBOPUS  BRECTUS— A   FOKM  FROM  THE 
AITOESTBAL  STOCK  OF   MANKIND.' 


By  Euo£:nb  Dubois. 


The  fossil  remains  upon  vbicb  I  have  fonnded  this  new  species  oon- 
gist  of  a  calT&riom,  or  slcallcap,  two  upper  molars,  and  a  femar.  With 
the  exceptioQ  of  one  tooth,  the  second  npjier  molar  on  the  left  side,  they 
have  already  been  described  by  me  in  a  paper  pnblished  in  Batavia  in 
1894.*    It  now  seems  desirable  to  give  some  special  details. 

It  is  well  known  that  a  not  iuconsiderable  nnmber  of  anatomists  and 
zoologists  bold  diametrically  opposite  views  regarding  the  significance 
of  these  remains.  For  instance,  as  to  the  skull,  a  few  have  believed 
that  it  is  haman,  although  of  much  more  ape-like  appearance  than 
hitherto  known,  while  others  have  considered  it  the  skull  of  an  ape  for 
more  human  in  character  than  any  previously  discovered.  It  is  remark- 
able that  only  a  few  have  believed  in  a  third  possibility,  intermediate 
between  these  two  views,  viz,  that  we  have  before  us  here  a  transition 
form  between  apes  and  men  that  is  neither  man  nor  ape.  Recently 
this  intermediate  view  has  made  quite  significant  progress,  and  a  con- 
siderable nnmber  have  accepted  it.  As  to  the  anthropists  and  pithe- 
cists,  as  the  upholders  of  the  extreme  views  may  be  called,  the  former 
find  their  fossil  Java  man  more  ape  like  than  they  at  first  did,  while 
the  latter  have  placed  thdr  most  anthropoid  of  apes  still  a  few  steps 
higher  on  the  ladder  of  ascent  toward  man.  These  views  now  tend  to 
coincide  still  more,  because  in  the  meantime  it  has  been  possible  to  test 
them  by  an  exhibition  of  the  objects  themselves,  and  I  have  been  able 
to  give  further  particulars,  especially  as  to  the  circumstances  under 
which  the  remains  were  found. 

For  the  proper  interpretation  of  these  osseous  remains  the  circum- 
stances under  which  they  were  found  is  quite  as  important  a  factor  as 
the  anatomical  considerations.  I  will  therefore  first  give  some  partic- 
ulars regarding  their  sitnatioo  when  discovered. 

Near  the  remains  that  are  the  subject  of  this  paper  I  have  collected  in 

'  Part  of  a  paper  rebd  before  tbe  Berlin  ADthropologiaal  Society  on  the  14th  of 
December,  1896.    TrsDalated  from  the  Anatomischer  AnzeEger,  Vol.  XII,  pp.  1-23. 

'  PlthecaDthropae  erectaa,  eiue  meiuaheDiihnliahe  tTbergangsforiD  aus  Javft.  Bato- 
via  Landeadruckerei,  1894. 

US 

D.qitizeaOy  Google 


■u«;w  fcmu  lit--'  nuuerxu*.  n  "ii«t  p 


ill  Ijevc-Ti,  La*  lietrrTi  r-f 


.":  'y,  z:»..i.  cariDe  ^tzua.  vUdi  K*  Vartia, 
«lsix  «>  iax  Ail  I  luT«  b«rs  able  to  study  it 


D.qilizMb,G00>^le 


PITHECANTnBOPDS   ERECTU8.  447 

ity  of  tbe  bank  of  a  river  of  coDsiderable  size,  tbe  BengavaD,  or  Solo. 
Ttiey  usually  consist  here  of  a  saodstone  of  sliglit  coDsistency  wbich,  in 
its  deeper  layers,  at  about  tlio  level  of  tbe  river  during  tbe  dry  season, 
becomes  coarser  and  coarser  as  more  and  more  lapilli  or  volcanic 
stones  form  part  of  its  composition.  The  bones  are  found  tbrongbout 
the  entire  thickness  of  tbe  sandstone  stratn,  being  very  numerous  in 
tbe  lower  balf,  and  most  so  in  Ibe  stnitum,  almnt  1  meter  thick,  iu 
wbich  tbe  lapilli  are  found.  In  tbe  conglomerate  wbicb  lies  under  this 
I  found  but  few,  and  none  at  all  iu  the  subjacent  argillaceous  layer. 

The  four  fragments  of  the  skeleton  of  Fitbe«antbropus  were  found  in 
difleront  years,  because,  on  account  of  the  rise  in  the  river  during  every 
rainy  season,  tbe  excavations  were  necessarily  suspended  and  coald  not 
be  resumed  until  the  next  dry  season.  Besides,  in  the  same  working 
season  one  Augment  was  found  later  thau  tbe  other,  because  tbe  stone 
bad  to  be  removed  cautionsly  in  layers  and  by  marked -off  areas. 

The  four  fragments  were,  bnwever,  found  at  exactly  the  same  level  in 
the  entirely  untouched  lapilli  stratum  (fig.  1).  They  were  therefore 
deposited  at  tbe  same  time;  that  is  to  say,  they  are  of  tbe  same  age. 
The  teeth  were  distant  from  tbe  skull  from  1  to,  at  most,  3  meters;  the 
femnrwas  15  meters  away.  The  quite  sharp  relief  of  their  surface  does 
not  supiwrt  the  theory  that  they  have  been  washed  out  from  some  older 
layer  and  then  embedded  for  a  second  time.  Tbey  were  found  at  tbe  place 
of  their  original  deposit.  Besides  they  all  sliow  exactly  tbe  siime  state  of 
preservation  and  of  petrefaction  as  do  all  other  bones  that  have  been 
taken  from  this  particular  stratum  at  Trinil.'  Their  specific  gravity 
(sp.  gr.  of  compact  tissue=2.156)  is  much  greater  than  that  of  nnpetri- 
fled  bones  (sp.  gr.  of  eompai;t  ti8sue=1.930).  The  femur  weighs  L  kilo- 
gratn,  therefore  considerably  more  than  double  the  weight  of  a  recent 
human  femur  of  tbe  same  size;  tlie  medullary  cavity  is  partly  filled 
with  a  stony  mass.  Tbe  eroded  upper  surface  which  tbe  skullcap  and 
not  the  femur  shown  occurred  in  the  bed  where  it  was  found,  appear- 
ing on  many  bones  excavated  near  tbe  skullcap,  and  is  caused  by 
infiltration  of  water  through  the  cHIT  at  that  place. 

Associated  with  these  bones  I  also  found  very  numerous  remains  of 
a  small  axis  like  species  of  Vervns,  frequently,  also,  tbe  remains  of 
Stegodon,  Farther  away  were  found  fiuftalus,  apparently  identical  with 
the  Siwalik  si>ecies,  Leptobos,  Boselaphus,  Rkinoceron,  Fdis,  Sun, 
Hyena,  that  nil  appear  to  be  of  new  species.  Of  R])e4ties  found  in 
otJier  situations  of  the  same  stratum  I  vill  mention  a  gigantic  Mania, 
more  than  three  times  the  length  of  tbe  existing  Javanese  species;  a 
Hippopotamus,  belonging  to  tbe  same  8ubsi>ecies,  Hexaprotodon,  as  tbe 
forms  from  the  Siwalik  and  Narbada  strata  of  western  India. 

Upon  the  evidenceof  these  remains  I  determined  that  the  four  skeletal 

'The  color  of  tho  famur  ia  al«o  of  the  iame  cliooolate  lirown  as  that  of  tlie  cal- 
varium.  Tbe  latb^r  appears  to  be  Bomenhat  difl'ereut  because  it  has  been  jirepared 
witb  varoUh  for  taking  a  cast. 
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which  was  the  ancestral  stock  from  which  man  was  derived.  They  sU 
Bbow,  though  ill  Bomewhat  differeot  degree,  intermingled  hnman  and 
apC'like  characters. 

I. — TDK    SKCLLC'AP. 

In  the  form  of  the  skullcap  similitude  to  that  of  the  a[>e  is  uDdonbt- 
edly  predominant.  N'ever  yet  has  there  been  seen  so  flat  and  low  a 
baman  skull,  never  yet,  outside  of  the  true  apes,  has  so  strong  a  projec- 
tion of  the  orbital  region  been  found.  The  skulls  of  Neanderthal  and 
Spy  and  all  microcephalic  skulls  are  more  highly  vaulted,  especially  in 
the  parietal  region;  the  ratio  between  the  central  portion  of  the  sknll 
and  the  orbital  part  lying  in  front  of  the  temporal  fossa  is  quite  the 
same  as  iu  the  apes,  differing  widely  from  that  of  the  lowest  human 
skulls,  even  that  of  f^eanderthal  and  tboae  of  microcepbali.  Virchow 
has  referred  esiwcially  to  this.  It  can  be  seen  only  on  the  left  side,  the 
right  having  suffered  a  notable  loss  of  substance.  The  part  of  the  wall 
of  the  orbit  that  lids  in  front  of  the  deepest  portion  of  the  temporal  fossa 
and  belongs  to  the  zygomatic  process  (external  angular  process)  of  the 
frontal  bone  i8,4n  its  an tero- posterior  dimension,  about  twice  as  large  as 
that  of  the  most  ape-like  human  skulls.  Further,  it  would  be  difficult 
to  find  in  a  human  skull  so  strongly  developed  a  torus  occipitalis  trans- 
versus  as  that  of  the  Javanese  skull,  and  thft  lower  part  of  the  squama 
temporalis  of  that  specimen  retreats  outwardly,  aa  it  does  in  the  apes. 

Those  who  have  followed  the  history  of  the  Neanderthal  skull  are 
aware  that  there  has  never  existed  regarding  it  such  divergence  of 
opinion  as  to  its  man  or  ape-like  qualities  as  has  arisen  concerning  the 
Pithecanthropus.  The  two  opposed  views  in  that  case  were:  Ape-like 
man  or  diseased  man ;  the  native  of  the  Neanderthal  has  from  the  very 
first  always  been  considered  as  an  undoubted,  real  man.  The  human 
character  of  the  I'itheeantbropus  is,  however,  very  questionable.  The 
skull  of  rhe  gibbon  almost  doubled  in  size  would  not  be  very  different 
from  it  iu  external  appearance. 

Its  considerably  greatter  si^e  constitutes  a  significant  difference 
between  it  and  all  other  skulls  of  apes.  In  the  length  and  breadth 
measurements  of  Ihe  skull  the  chimpanzee  is  exactly  a  mean  between 
it  and  the  largest  gibbon.  Its  cranial  capacity  1  estirontol  in  my 
above  mentioned  description,  according  to  a  comparison  of  the  external 
lineal  dimensions,  as  about  1,000  c.  cm.  Estimating  nowopnn  a  more 
recent  comparison  of  the  internal  linear  dimensions  with  these  of  gib- 
bous' skulls  makes  it  but  little  more  than  900  c.  cm.'  A  ovpac  ty  of 
OlHlc.  cm.  is,  however,  far  above  anything  we  know  in  the  skull  of  apes. 
The  largest  skulls  of  anthroitoid  apes  have,  on  the  average,  no  greater 
capacity  than  about  500  c.  cm.,  and  it  is  very  seldom  that  they  have 
been  found  to  attain  the  capacity  of  COO  c.  cm. 

'lieaiilea  the  metlioil  of  estimating  the  capncity  which  t  detailed  In  my  last 
degctiptioD,  aad  which  I  a);ain  applied  after  removing  the  slIiceouB  matter  from  th» 
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T>isrr'.fnrd:iiS  ilii^  aom^  believe  that  tbe  eknU  m^y  hare  beloogtdC' 
«  tTDt-  «]«.  If  •  e  sboold  ima^ne  tbe  eknll  of  Hylobates  agilts  to  hii- 
Mwtevbai  iu-Tf  ihuu  ilonbletl  it»  raasK,  we  should  have  a  skoUofi 
sini'.lai  ^"fui  :t;>e.  But  if  in  acloal  fart  a  Hylobates  had  reached  enti 
a  s::t-~  It  t?  •.v.-.::t-oer'ain  Dial  bis  cranial  capacity  wonld  notbiTeb 
crrax-d  in  tlir  ^inir  >li-inv«.  for  we  oontiDoally  find  in  the  most  diveN 
t'antihes  ;L.it  h:r^r  a-.iitnals  have  relativdy  smaller  brains  than  smilla 
ailied  >}>«N-!f&  Fi>T  e^Hnii>l«.  the  dvarf  antelope  (yanotragu  ft) 
■■■rt.*  Iiii^  :l  ]>T\>>>TT)i<n  to  its  bodily  weight  more  t^an  fonrtiioesk 
mtiofa  brain  a>  i iir  IVisa  antelope.'  The  saiaUer  lower  apes  Tery  oiDrl 
sariw.-^  in  i^.<  ri-^^x^'t  the  large  anthropoid  apes,  aod  the  gibbvc- 
|ins,*ieit&.  :n  io'jm^iihvd  IO  their  bodily  weight,  at  least  twice  as  nrnft 
bram  as  tlx-  jnviit  snibr<t]M>ida.' 

::^nih  ;tn  lui.tpiijiTT  gi<riiDtJo  Hylobatee  wiHild  be  about  as  tallui 
miui  «nil  iil»>nt  ;ts  beutvy  a^  tbe  great  aothropoids.  It«  crania)  capacil; 
winilii  tberrfi^reiini  exceed  *^tme  .100  ccm.  Bot  this  is  onlyaUUl* 
RintY  iliAii  t'.<..tt  of  riibe^'-tnihropos.  A  true  ape  with  a  capacity  of  9#' 
r.  cti)..  nni^t.  i>n  tt>e  <\tntrarT.  be  a  giaot  besides  which  the  lar^ti 
p^ril'.:*!;  w.rtilil  Ite  dw:irf*.     Kven  if  tbe  bodily  aize  increased  onlfi" 


CAT  ,iy  o!"  liir  ^vl.;.' .,  ap  .*  li.Bi   1  (\.::;.l  ponipATv  the  dim«iuiaDa  of  the  cr»niiJt"^ 
(i.-s.  If  o  I'llit  I  mti'  ..,>  »  c  n   *;«•  a!*ii  by  me,  as  follows: 

A.  1  Ttir  'Al'^i  a^  x.'.nti.^  of  a  «),ni1rap  al-ore  a  plan«  passed  ■ymmetnnllj 
lhn.Hi:li  ibf  i:l''--"'»  'r.d  \he  .iTM-u-J  o<-ripita]  protabanjioe  wa*  deWno'"^ 
,;  lis  !.»it:"«.i  ■  J-  i.':i!..i  I'v  »>rip;.;iij:  ■  tin  foil  ooveriDg  that  bad  liften  epr"*"'" 
i1.  ,S  Iv- .i:!*-!!!*:  «-;j.  i>  «  m  >ppR>:tim>lelv  deteniiiDed  by  dedncting  ft"™'*' 
vaW.f  U'-.:-.-.<i  r.i..:<T  1  t ;  r  vrvV-.i.  i  of  ih'  surAre  foond  ondM  (2)  with  tbe  HKdiiffl 
tbi.  k!-,w  .'f  i!i<  «l.;i:.p;.;>t:..  T..:i;!i>rof  Ibf  fTODtalsinnsM.  From  the  rwnJt <l"» 
oM..iD«<1  -li' ...  11!  li  ■•  .«iuoiiy  of  III*  ralire  Pilhecanthropait  sknll  »«•  '»'**^ 
li-h. .'.  l»  I  ™n:)'«r,;;c  wub  n  si-.!'!-  of  HrlotimtM  of  as  aimiUr  build  as  p<wil>'^ 
»hi«  *l.ii;i.ii.  .-sivjotj  sn.J  Towl  <T»iiial  rapacity  has  b«eD  dBtemined  bydif*" 

It.  Art,-:  I!  *'>i::.'r.!i-n:jn*rh..H..^iif..rib<  most  part  removed  f^omllw"'™''"^ 
th;*na»  »!*..  .irwi;!  n'.>a.'.-.'.r«>i',  by  r'.'.iac  it  np  to  the  stwvp-mcntioDod  plan' •' 
niuMani  s«ii  aiul  i.,'..:-.:.c  lo  this  i-liiuie  the  (vtinulod  Tolniue  of  tbe  »Uir«olis""^ 
trryi-T  r*ni:.i!.ini:.  I  fo-.i!,.l  ihal  th<>  ath>v^iueiitioiied  portion  of  theoavity»f* 
fkiiiicp  inf.isn!*.l  «K>!it  .\>i  f.  ciii.  Tiif  .a»l  of  the  cavitj of  tbe  K6Miderth»ls»w 
Wkeii  lo  1  hr  s»iii»  ]';ai...  Uie..*iir,*  7.-.  ■  c.  .m.  , 

Ii  i>  i«.ll  kiL.nn  l!;..l  Hiiv!- 1  fMimaT.-d  the  entire  eapscity  of  the  Ne«ia«»"" 
^kiill  aT  1.-.W  .-.  .-m-  Tlir  r,il:.-  ol  tin-  .  atv.oity  of  the  iknllcap  to  that  of  t""""^ 
ekiillis.  iljenr..!!-.  ;5:,1.  In -t  sknil  of  thr  HyloL^itei.  agillN  wbieh,  thoogli  ""'J  " 
tbe  firr.  strikin  j.v  r,-.*,nil.l«  fl;.ii  of  liibi-cuithropne,  I  find  the  same  ratio. 

Aocor-liL^  to  all  tliv-*  .iie:ho.i».  tbe  tolsl  oninial  cspifity  of  tbe  n'rbeW*'|"'~ 
fkiill  I-  foiiD.)  to  W  ^.'  i-.fm..  or  s..ti^enb.-.t  more.     The  differeiK*  bet"**"  *""'" 
my  earlier  .stiiiuiie*  ,  i-oiui.L.r.-  al-,«  the   Verb  .in  ,11.   der   Berlinrr  Ge»ellm'''»»   " 
AntliioiK>lo-L.-.  1M',\  p.  T-JS'  ii.>}.eii.lB  iiw-ti  ibN.  ibat  in  tbe  6t«t  1  did  not '"''"'"' 
ctenily  f.'r  ibe  tbi.  k..p>«  of  the  ,k.ill    ii  is  :i'«iiit  6  ma>.\.  aDd  eeoondly  I  conW 
diro-Viy  comp^ire  ibp  i-uTity  of  rh.'  -kull.j.p.  ,  , 

1  Aeeor-liuj:  (o  M,.N  \V,.l„.r.  \\-:,:.,i,eL,nn^-.i,  over  bet  bereeugew ioht  Tsn  wo^^'"       I 
nen.      H,.i.lr:.c.n  t..|  ,ie  l-i.-rkinul,'.  A>,ister,i.>.,>.  l>Jv-<.  p.  14.  j 

HO" ■■  ■.Uitfuuiils  ol   Ow.ii,  <  oi.iparative  Anatomy,  Vol.  I",  P'  ""^         i 
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lilie  same  ratio  as  the  cranial  capacity,  the  animal  would  have  a  body 
almost  twice  as  large  as  that  of  a  large  gorilla.  Bat  the  bodily  size 
increases  Id  a  greater  ratio  than  that  of  the  brain  and  the  cranial 
capacity,  so  that  it  may  be  assumed  that  the  size  of  an  anthropoid 
ape  haviug  a  cranial  capacity  of  900  c.  cm.  wonid  be  at  least  three  times 
as  large  as  that  of  a  large  gorilla;  that  is  to  say,  about  as  large  as  a 
pretty  large  horse.  It  is  not  easy  to  imagine  an  ape  like  that  leading 
the  tree  life  of  the  nimble  Hylobatea. 

The  cerebral  portion  of  the  sknll  of  such  a  gigantic  ape  woold,  in 
relation  to  the  rest  of  the  body,  be  much  smaller  than  that  of  the 
gorilla.  This  relatively  small  cranial  capsule  woald  have  all  the  provi- 
sions for  the  attachment  of  a  powerful  masticatory  apparatus  for  tar- 
nisbing  noarishment  to  the  gigantic  body,  such  as  is  shown  by  the 
sknll  of  a  gorilla,  bnt  in  a  much  greater  degree  than  In  this  living 
gigantic  ape.  For  a  jaw  of  sauh  mighty  proportions,  which  wonId  be 
much  larger  in  mass  than  thewholeof  the  rest  of  the  sknll,  there  wonId 
have  to  be  a  zygomatic  arch  mncb  more  extensive  and  more  strongly 
vaaltod  than  that  which  the  gorilla  possesses.  Upon  the  skullcap 
there  woald  have  been  formed  strong  bony  ridges  for  the  attachment 
of  the  temporal  muscles,  and  these  ridges  woald  certainly  have  formed 
crests  in  the  middle  and  behind.  The  orbital  rims  woald  have  been 
raised  in  a  much  more  striking  manner  than  is  seen  in  the  gorillas' 
sknll,  and  the  impression  of  the  bestiality  of  such  a  gigantic  ape  would 
have  been  much  greater. 

We  see,  however,  nothing  of  this  in  this  fossil  sknll.  It  is  as  smooth, 
even,  and  destitute  of  crest  as  the  skull  of  an  ordinary  gibbon. 

The  skullcap,  therefore,  in  spite  of  its  ape-like  appearance,  can  not 
have  belonged  to  an  ape,  becanse  in  its  excessive  capacity  it  is  dissim- 
ilar to  both  a  gibbon's  skull  and  that  of  a  great  gorilla. 

There  are,  however,  some  features  that  separate  this  skull  from  that 
of  the  apes  of  the  Old  World  and  ally  it  to  that  of  men.  These  con- 
cern the  occiput.  .As  already  remarked  above,  there  is  a  peculiar  for- 
mation occasioned  by  the  abrupt  separation  of  the  planum  nuckale  from 
the  upper  part  of  the  nquama  occipitalis,  determined  by  the  tonu  occip- 
ito/f<  frdiMcerstM,  which  is  certainly  a  pithecoid  feature;  compare  the 
inclination  of  tbe  planum  nuchale  to  a  plane  formed  symmetrically 
tbroagb  the  most  prominent  part  of  tbe  glabella  and  of  the  external 
occipital  protuberance,  and  it  will  be  seen  that  in  this  respect  there  is 
a  great  difierence  between  this  akuU  and  those  of  alt  tbe  apes  of  the 
Old  World.  The  most  diverse  species  of  the  latter  show  a  slighter 
variation  with  each  other  regarding  tbe  angle  between  the  nuchal 
plane  and  tbe  glabello-protuberantial  plane  than  is  shown  between 
them  and  the  fossil  skall.  Among  tbe  anthropoids  I  find  not  more  than 
three  degrees  of  variation;  in  Semnopitheew  maurus  the  inclination  of 
tbe  nnohal  surface  is  4°  less,  and  in  Afacacm  cynomolgtu  it  is  10°  less 
than  the  minimum  among  the  anthropoids.     In  the  Java  skullcap, 
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Iiowever,  it  sarpasseA  tbe  maximam  of  aothropoidB  by  18-,  Imnp.  nenr- 
tbeless,  bat  9°  below  tbe  Spy  Bkall  No.  2,  and  about  12°  bdow  the  asol 
angle  in  receot  bamaa  Bknlls. 

Tbe  apes  of  the  New  World  are  in  this  respect  mnefa  nearer  to  Bail 
tfaan  even  tbe  aDtbropoidH,  In  an  Aielet  be^UtintiM,  for  exsmple.  I  find 
tbe  angle  of  inclination  of  tbe  nacbal  anrface  1 1°,  iu  a  C^bm*  miger  7- 
greater  than  tbe  maximnm  of  aiitbropoids.  Indeed  many  other  thums 
in  their  cranial  formation  are  more  similar  to  thstof  nuui.  Tb«  platyr- 
rhines  eland,  however,  bo  for  firom  man  in  other  respects  that  th«j  an 
ezetaded  from  any  closer  comparison.     In  any  case  there  is   in  tba 
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feature  not  an  accidentai  but  an  essential  difference  between  the 
anthropoid  Hkull  of  Java  and  those  of  tbe  antbro)>oid  apes. 

In  man  the  Htrong  forward  inclination  of  the  tiachal  portion  of  the 
occipital  bone  is  considered  to  have  a  relation  to  the  upright  position. 
I  can  not  see  why  it  should  tint  be  interpreted  iu  tbe  same  way  iit  the 
fossil  skull  under  considei-atinn. 

By  the  i  emoval  of  the  siliveous  matter  from  the  iuterior  of  the  sknlt- 
cap,  which  was  at  first  partially  and  afterwards  quite  completely 
effected,  It  was  shown  that  the  sukwi  transtersua  of  the  occipital  bone, 
vblcb,  as  place  of  attachment  for  the  tentorium,  marks  the  boundary 
between  the  cerebrum  and  the  (-erebellnm,  lies  at  about  tbe  same  rela- 
tive di'tannn  fVom  the  sui>erior  curved  line  of  the  bone  as  it  does  ia  the 
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gibbons.'  By  laying  bare  the  svlcm  tratuversus  we  have  obtained  a 
more  fixed  point  of  departure  for  measuriug  the  beiglit  of  tbe  skullcap 
as  an  expression  of  Che  Tetative  extent  of  the  cerebmm.  Aceordiagly, 
we  find  tbat  the  skoU  of  PitbecaiithropDa  was  almost  as  highly  vanlted 
as  that  of  tbe  Spy  and  Neanderthal  men,  remaining,  bowever,  fax  below 
the  vaaltiiig  of  tbe  skulls  of  recent  men.  Tbe  exceptionally  bigbly 
vaulted  skull  of  Hylobates  agilis,  inclosed,  bowever,  a  cerebrum  tbat 
reached  nearly  to  tbe  upward  curve  of  the  Neanderthal  man.  Tbe 
remaining  apes  fall  iu  regular  series.  <Jnnningl(am's  microcephaloaa 
boy  Joe  bas  a  flatter  brain  tbau  tbe  gibbon  and  tbe  chimpanzee. 

Tbe  breadth  indices  of  the  skulls  represented  here  are  about  tbe 
same;  therefore  the  height  of  each  profile  cnrve  is  an  approximate 
measure  for  tbe  relative  sizes  of  tbe  cerebrums. 

If,  then,  tbe  former  possessor  of  this  cranium  was  not  au  ape,  and  if 
be  possibly  walked  erect,  must  be  then  have  beeu  a  mant 

I  think  tbat  tbe  ape-like  form  of  tbe.  skullcap  and  its  capacity,  too 
small  for  a  man,  can  not  be  brought  to  harmonize  with  sacb  a  concep- 
tion. Even  Cnnniiigbam,  wbo  has  examined  the  skull,  and  is  con- 
vinced tbat  it  is  human,  finds  that  its  ape-like  characters  greatly 
predominate,  and  tbat  there  is  nothing  human  abont  it  except  its 
excessive  size  for  an  ape,  Yirchow  has  also,  after  a  personal  examina- 
tion of  the  skullcap,  very  clearly  adjudged  it,  in  Leyden  and  Berlin,  as 
tbe  skull  of  au  ape.  So  experienced  a  craniologist  as  Hamy,  in  Paris, 
said,  after  examining  the  same,  that  be  never  would  have  supposed  it 
to  be  human.  Un  tbe  contrary,  tbe  most  ape-like  human  skulls  tbat 
are  anywhere  known,  the  Neanderthal,  tbe  Spy,  and  the  Australian 
skulls,  were  not  considered  by  any  as  apes.  It  was  only  questioned 
concerning  these  sknlls  whether  or  not  their  resemblance  to  the 
pithecoids  should  lead  us  to  give  to  that  race  a  higher  phylogenetic 
significance. 

According  to  the  coni«ption  which  we  have  of  the  bumau  sknil,  the 
Java  skullcap  is  certainly  not  a  human  relic. 

But  the  size  also  is  not  adapted  to  that  of  the  human  skull.  For  it  is 
quite  inadmissible  to  suppose  that  we  are  here  dealing  with  a  micro- 
cephalous sknil,  not  only  on  account  of  the  great  improbability  of  sacb 
a  view,  but  also  because  its  form  is  quite  difi'erent.  We  are  certainly 
acquainted  with  normal  human  skulls  of  an  equally  small  capacity;  but 

>  As  I  bsve  been  able  to  reiaove  only  a  qnit«  Hmall  ponioD  of  the  ailioeoua  matter 
fruiD  the  ciivity  of  tUe  akullcap,  I,  na  welt  aa  olbera,  ba<t  erroaeoaslf  (aa  now 
appeara,  inialeil  by  its  ilifferent  position  on  tbe  right  and  left  sidea)  taken  the  loner 
edgeof  the  auloiis  tranevereus  for  its  upper  odh.  1  now  find  that  it  lieaconaiderabljr 
higher  than  I  had  at  Hrat  auppoaeil.  On  the  other  baud  it  appeats  from  an  examin- 
ation of  u  large  neriee  of  gibbon  aknlla  that  the  average  diatance  from  the  snporior 
carved  line  ia  somewhat  greater  than  I  had  prevional;  atated.  My  pteseDl  data  are 
therefore  more  correct  than  those  given  In  tbe  Verhandlungen  der  Berliner  Geeell- 
Bchalt  filr  Atithropologie  1S9G,  p.  T31.  The  similarity  to  tbe  gibbon  ia  therefore 
niuoh  greater. 
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these  Hppenr  less  "  bestial "  the  smaller  they  get.  while,  od  Che  eontrwr. 
the  very  "bestial"  Neauderthal  andSpyskaUs  are  very  Isrge.  TW 
■mailer  the  absolDte  size  or  acraoinmis,  within  the  ssme  sp«ries  «f 
mamniala,  the  more  signiflcaDt  is  its  relative  size  as  ocMnpared  with  tht 
rent  of  the  body,  and  the  more  reduced  are  those  features  of  tbe  cranimB 
that  liavo  directly  to  do  with  the  size  of  the  body  aod  are  espeaaS; 
related  to  tlie  skeleton  of  the  face.  It  is  exactly  these  fescnres  that 
ooiistinue  the  bestial  marks  of  any  skoll. 

A  skull  that  In  oomparisoo  with  that  of  normal  man  is  ao  small  asd 
BO  a]>e-1ike  lu  its  form  that  it  is  declared  by  not  a  few  experieaced 
anatomists  to  be  the  sknll  of  an  ape,  can  not  be  homan ! 

Ihclbsstl  skullcai)  has  been,  with  more  or  less  strong  convietioB, 
llit^rpmU^l  IIS  I'oIIowh: 


Ai  an  iDtanKdiat*  Cor^  bj^ — 


K.Vln'lw«.' 

W.  Turner.  ■ 

W.Kmiiw.' 

W.  \V■la»,vor.■ 

A.K.Ilh," 

(>.llulllU<■>.• 

K.  Lj'ilskkur.* 

II.TMlK■to.• 

Rud.MarliD.» 

P.UklAoble.ii 

l'.Toi,liimrd.it 

I  Vatliudl.  Ihirl.  Alilbrap.Ilw.  liX».|i)).Kl,338.U5.  and  IHe  Xatioti,  1885,  No. C. p. 53. 
•lllIll.,^1■. 

•  Ibhl..  p.  Ml.  uMl  Antbroii.  ('"DBroni.  Kuiwl,l8BS. 
•tl«flMW*rt..laiiiii>r,  IWi.  pi. 

•  NuIi^IuhUfIi  K»laii)u1  IViilrulblad.  I8BS.  [>.  128. 

•  Juiinul  nf  Aimfaini}  and  I'liyalolaH.v,  IgOS,  tuI.  S».  pp.  424-US. 
f  NMun,  T*l,  at.  IWA,  ff-  *3»-*3»- 

•  Hotnuilt  I'rufrHia.  IWEt,  vol,  U,  pp.  34«-;ieo.  nua  rrucoed.  Aual,  Son.  Febnur;,  1H». 

•  NaliM«.  voL.M.  imtS,  )>.  IS1. 
■•Olulina,  IM.HT.inn.pp  2i:i.:i]T. 

•>  \i>tiin>l>H'ii<>'l>ani.  W.K>li''i>a<'hr.,  ltd.  10,  pp.  HI,  fll. 

» I.' AnlliR>|>aluBl<s  IKIM.  timix  n,  N".  S.  pp.  MU-OOT. 

"Jaarlnrk  v.  Ii.  MynvKtm  Id  Ni-ikrlaiidurb  Indie.  IMK.  Plibecanthnipnii  ereom.  e 
8H.  1j<l>li>nrr  X.iwl.  <:iin|n'ai,  HrplvinlHT'Jl.  1MU.  Rov.  Uablin  Society.  Nuvemlier  ZO.  I§BI 
ii*1llulr.>ri)ii'nlilrlluli>iui>llR'laud,  NuvoiiilH.rZS.  19».     BrrllnerUeMllacliartr.  Anlhropol. 


Ilull<'tlti  Hoe.  il'ADlhnii>.  •!• 

I'arl.,  iw««),8,p.l2i  n 

1,  pp.  ZKft-3W. 

An<'rl.'an  Journal  of  S.-I<r 

6.  pp.  725.  m 

lbld..p.13l.    Karlior  (Ibid. 

pp.  05-491  h*  •■uiiBlilrral  II 

In  opposition  to  the  view  of  tlie  human  character  of  the  fossil  skull, 
the  two  other  views  taken  together  constitute  a  m^ority,  which  cer- 
tainly would  be  considerably  greater,  namely,  by  an  increase  of  the 
pithecanthropists,  if  all  the  learned  people  who  have  expressed  an  opin- 
ion upon  this  fundamental  specimen  had  openly  published  their  views 

about  ir      '* Mso  appear  questionable  whether  this  majority  might 

Qot  be  ^ugh  later  expressions  of  the  authors  above  cited. 
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For  example,  Ouuniiigliatn  ib  uow  of  tlio  opiuion  that  tbe  fossil  skull 
belouged  to  ail  individual  withntrongly  marked  simian  characters.'  He 
might  on  thU  accoQDt  be  properly  placed  under  the  first  category. 

In  a  praiseworthy  mauner  Maiioovrier,'^  in  a,  recently  published  figure, 
has  uiidertakeo  to  restore  the  «kiill  of  Pitliecanthropua  according  to 
tbe  cast.  Before  this  I  bad  tried  the  same  thing,  es[>ecially  for  my  owu 
satisfaction,  in  order  that  I  might  be  dear  as  to  the  result  of  such  an 
Tinprejndiced  restoration.  After  the  emptying  of  the  skullcap  I  have 
now  tried  it  again.    Tbe  fact  that  I  have  arrived  at  diU'ereut  results 
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than  those  of  the  worthy  Parisian  anthroiiologist  in  some  not  unimpor- 
tant points  arises  chiefly  from  this,  that  I  had  resort  to  the  emptied 
fossil  skallcap  itself  for  the  restoration,  which  caused  me  to  consider 
tbe  temporal  and  occipital  regions  somewhat  ditl'ereiitly  from  what  Man- 
nouvrier  did.  It  is  this  that  induces  me  to  now  publish  my  restoration 
also. 

Especially  of  the  temporal  region  I  will  again  say  that  it  has  tbe  very 
gi'eatest  similarity  to  that  of  the  adult  gibbon,  and  indeed  the  entire 
skullcap,  with  the  exception  of  the  strongly  inclined  planum  iiuchale  of 
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tfae  4»ccipnt,  bits  the  greatest  likeness — only  being  double  the  size— tc 
the  highly  vaulted  skall  of  a  fribbon.  It  is  not  strange,  therefore.  Hat 
I  have  made  the  facial  portion  of  the  skall  not  very  dlfferMit  bom  tiai 
of  the  gibbon. 

n.— TEETH. 

The  teeth,  a  left  second  npper  molar  and  a  third  rig^ht  upper  mi^. 
belong,  if  we  may  jodge  from  the  circnmstancesof  their  discovery,  to  e«h 
other  and  to  the  skullcap.  They  are  also  modeIe<l  in  s\  very  similar  man 
ner  and  are  in  the  same  state  of  preservation  and  of  i^etri faction.  Tbr 
ane<inal  wear  of  their  crowns  and  the  considerable  difierence  in  tbeii 
size  are  appearances  that  can  often  be  seen  both  in  the  skulls  of  mei 
and  of  apes.  Both  have  very  strongly  diverging  roots,  saeh  as  atb«f^ 
as  well  as  myself  acknowledge  never  to  have  seen  in  hnmau  uioliui. 
Only  exceptionally  are  there  fonud  iu  man  upper  molars  with  a  ctovn 
of  such  great  size.  I  measured  on  a  skull  from  New  South  Wales,  it 
Virchow's  laboratory,  the  transverse  and  sagittal  diameters  of  a  left 
second  upper  molar,  finding  it  15.5  by  12.5  mm.,  and  those  of  a  tliird 
left  upper  molar,  Guditig  it  15  to  10.5  mm.  The  same  diuieosious  of  tbe 
fossil  molars  from  Java  are  14  by  12  mm.  for  the  second  api>er  molar, 
and  15.3  by  11.3  mm.  for  the  third  upper  molar.  A  second  upper  molir 
from  the  cave  of  Spy  I  found  to  be  of  exactly  the  same  dimensions  u 
the  molar  from  Java. 

In  the  torm  of  the  crown  the  Javanese  molars  show  a  marked  t^ 
like  type;  that  is  to  say,  in  the  relative  development  of  their  casp& 
As  in  anthropoid  a|>es,  llie  )>osterior  buccal  cusp  is  in  both  teetb  the 
smallest,  so  that  the  cusps  of  both  are  smallest  on  the  oater  side.  In 
man  the  reverse  is  the  case.  Only  in  the  third  molar  is  an  exception 
to  this  rule  rarely  found. 

Au  exhauNtive  comparison  has.  however,  convinced  me  that  tbe  teetli 
are  in  no  closer  relation  lo  those  of  any  of  the  living  antbroitoids. 

lu  spite  of  all  their  simian  charactei-s,  both,  especially  in  the  tbiid 
molar,  hhuw  a  strong  retrogression  of  the  crown,  such  as  is  more  fr* 
queutly  found  in  man  than  in  the  anthropoid  apes.  According  to  tlii^ 
the  general  arrangement  of  tbe  dental  arch  must  have  been  widely  <tif 
fereut  from  that  which  obtains  with  the  great  anthropoid  apes.  Com- 
l>aring  the  size  of  the  teeth  with  that  of  tbe  skull,  the  proportion  ib 
found  to  be  the  same  as  that  in  the  gibbon,  hut  somewhat  less  lli>o 
that  which  prevails  with  the  authroimid  ajies.  They  therefore  aflKC 
very  well  with  the  sni«M>th,  crestless  skullcap. 

111.— KKMVE. 

The  femur  was  quite  generally  declared  to  be  human  by  authors ffh" 
had  closely  exaniined  either  the  actual  Hi>ecimen  or  drawings  of  it  "^ 
has,  as  before  mentioned,  a  very  deceptive  resemblance  to  tbe  liuman 
'emur.     It  differs  fmai  the  latter,  however,  and  that  differeiiue  i»  »* 

_nOOglC 


Pithecanthropus  e rectus. 
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bat  be  found  likewise  in  aorne  other  geuus.    Only  an  esaminatioa  of 
the  entire  skeleton  conld  give  a  complete  solation  to  thia  qoestioD. 

According  t4>  the  relative  proportions  of  them  parts  they  can  not  both 
have  belonged  to  an  a|>e.  For  an  ape  with  anch  a  cranial  capacity 
woald,  aa  we  have  seen,  have  been  a  giant,  whose  femur  would  certainly 
have  been  mach  larger  than  twice  the  size  of  that  of  a  sianiaug.  Bat  a 
man  with  a  cranial  cai>acity  of  OOU  crm.  would  have  a  shorter  femor; 
for  all  men,  except  microcephiili,  that  have  bo  low  a  capacity  as  this 
have  a  much  smaller  stature  tbau  that  of  165  to  170  cm.,  which  is  the 
height  of  the  individual,  as  calculated  from  the  length  of  this  femur 
according  to  human  proportions.  This  is  again  an  evidence  that  the 
individual  in  question  was,  in  the  anatomical  sense,  neither  an  ape  nor 
a  man. 

With  the  length  and  breadth  measurements  of  the  skull,  however,  the 
length  of  the  femur  agrees  very  well,  both  from  a  hnman  and  anthro- 
poid point  of  view.  A  man  with  a  skullcap  of  these  dimensions  could 
well  have  had  a  femur  of  that  size,  and  if  we  conceive  the  proportions 
of  a  siamangt4)  be  doubted,  the  length  and  breadth  of  the  skull  and  tba 
length  and  breadtb  of  the  femur  will  exactly  correspond  with  that  of 
Pithecanthropus. 

Nothing  contradicts  the  view  that  the  possessor  of  this  craniam  had 
a  body  to  which  this  femur  belonged.  The  skull  requires  exactly  such 
a  femur  and  no  others 

As,  therefore,  from  different  points  of  view,  probability  speaks  most 
strongly  in  favor  of  the  common  origin  of  these  fragments,  it  is  carry- 
ing skepticism  too  far  to  longer  doubt  that  both  of  them,  and  the  teeth 
as  well,  belonged  to  one  skeleton. 

I  believe  that  it  uow  hanlly  admits  of  a  doubt  that  this  upright-walk- 
ing ape-man,  as  I  have  called  him,  and  as  he  is  really  shown  to  be  after 
the  most  searching  examination,  represents  a  so-called  transition  form 
between  men  and  apc8,  such  as  paleontology  has  often  taught  us  to 
recognize  between  other  families  of  mammals;  and  1  do  not  hesitate 
now,  any  more  than  I  formerly  did,  to  regartl  this  Pithecanthropus 
erectus  as  the  immediate  progenitor  of  the  human  race.  This  is  my 
conviction  after  the  most  careful  testing  of  the  matter,  and  has  only 
become  stronger  after  having  submitted  the  specimens  to  many 
anatomists. 

The  exact  position  to  be  assigned  to  the  ape-man  in  a  system  is  more 
or  Ic8s  a  matter  of  taste.  According  to  the  anatomical  characters  ordi- 
narily used  to  8e])arate  the  groups  of  mammals,  we  must  at  any  rate 
exclude  it  from  the  genns  Homo.  Unless  we  considerably  change  and 
extend  the  characters  that  have  hitherto  been  considered  good  for  the 
family  of  the  ilominidii',  it  can  not  even  be  admitted  there.  Quite  the 
^me  may  bo  said  of  the  Simiidie  and  its  species. 

The  relation  of  man  and  of  Pithecanthropus  to  extinct  and  living  apes 
here  shown  in  the  form  of  a  family  tree  (fig.  1). 
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ThiR  tree  is  partly  an  expansion  of  that  of  tbe  primates  as  given  by 
Haeckel.'  To  Dryopitbecas  I  bave,  aceordiu^  to  Gandry's  recent 
view,'  given  a  place  between  the  Oercopithecidtp  and  the  Simiida;.  As 
I  have  already  stated  in  my  first  description,  I  regard  as  the  progenitor 
of  all  anthropoid  ^les  Protobylobates,  a  highly  generalized  hypothetical 
form,  which,  as  well  as  its  nearest  living  relatives,  Hylobates,  retained, 
along  with  many  human  pecnliarities,  yet  many  ohoracters  from  its 
moakey-like  ancestors  that  came  lower  in  the  scale.     As  immediate 


.  4.— Family  Irea  o(  mar 


ancestor  of  Pithecanthropus  I  bave  placed  Palieopithecas  of  the  Siwalik 
Btrata.  In  this  also,  as  I  have  convinced  myself  after  a  careful  exami- 
nation of  the  type  specimen  in  the  museum  at  Calcutta,  ure  the  char- 
acters of  Hylobates  mingled  with  those  of  man.  We  first  And  in 
Pithecanthropus  erectus  a  form  in  which  tbe  human  cliiiracters 
preponderate. 

I  £.  Haeckel,  Sf  •t«matiKhe  Ph7log«nie  ikT  Wirbeltbiero,  Herlin.  1893,  p.  601. 
'A.  Gaudry,  Comptes  leudiu  du  TAcadi^mie  Ae»  Suiencea,  T.  110,  Paris,  1890,  pp. 
373-376. 
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was,  fifty  years  later,  to  be  the  most  important  basis  of  the  work  npoo 
which  be  was  to  spend  his  life,  the  most  secnre  sappott  of  that  docteim 
of  descent  which  was  founded  by  Lamarck  in  the  very  year  of  Darwin's 
birth,  and  which  was  at  that  time  received  with  warm  approbation  hy 
his  grandfather,  Erasmus  Darwin. 

Of  all  the  naturalists  of  the  nineteenth  centary  Chartee  Darwin  ba» 
certainly  had  the  greatest  success  and  the  most  povu^al  influence. 
We  often,  indeed,  call  the  last  forty  years  the  "  Darwinian  age."  And 
if  we  investigate  more  closely  the  causes  of  this  nnezampled  snooeaa  we 
will  see,  as  I  have  repeatedly  said,  that  they  depend  upon  three  impor- 
tant services  rendered:  (1}  The  total  reform  of  the  theory  of  descent  nr 
doctrine  of  Lamarck;  (2)  the  founding  of  the  new  theory  of  natural 
selection,  the  special  Darwinian  theory;  and  (3)  the  development  of  the 
science  of  the  evolution  of  man,  that  most  important  dedaction  from 
the  theory  of  descent,  which  far  exceeds  in  signiScance  all  other  prob- 
lems of  the  doctrine  of  evolution. 

I  shall  to-day,  before  this  zoological  congress,  speak  only  of  the  last- 
named  service  of  Darwin,  and  do  this  for  the  especial  purpose  of  showing 
critically  the  certainty  to  which  we  have  attained  in  our  present  knowl- 
edge of  the  origin  of  man  and  of  the  various  branches  of  his  genealogical 
tree.  That  this  is  one  of  the  most  important  of  all  scientific  qnestioos 
is  to-day  no  longer  disputed.  For  all  other  problems  which  the  hnmao 
mind  can  investigate  and  nnderstand  are  conditioned  chiefly  by  the 
psychological  theory  of  perception,  and  this  again  depends  upon  the 
animal  nature  of  mau,  upon  his  origin,  his  development,  and  his  mental 
powers.  With  good  reason,  then,  did  the  greatest  zoologist  of  our 
century,  Thomas  Hnxley,  characterize  this  problem  as  the  " question  of 
questions  for  mankind,"  as  the  "  problem  which  underlies  all  others  and 
is  more  deeply  interesting  than  any  other."  This  was  done  iu  1863  in 
the  second  of  those  three  masterly  essays  which  for  the  flrst  time 
tlioronghly  examined  the  "  Evidence  as  to  man's  place  in  nature''  in 
the  light  of  the  Darwinian  theory;  the  flrst,  treating  of  the  anthropoid 
apes,  the  second  of  the  relations  of  man  to  the  next  lower  auimaN,  the 
third  of  some  fossil  human  remains.  Darwin  himself,  in  1869,  in  his 
princii)al  work,  On  the  Origin  of  Species,  had  purposely  avoided  referring 
to  these  consequences  of  his  doctrine  except  in  a  brief,  significant, 
passing  allusion  that,  by  its  means,  light  would  be  thrown  on  the  origin 
of  man  and  his  history.  Later  (1871)  iu  bis  famous  work  on  The  Descent 
of  Man,  and  Selection  in  Relation  to  Sex,  Darwin  brought  forward  in  a 
most  able  manner,  both  the  morphological  and  the  historical  as  well  as 
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ontogeny  atid  phylogeny  founded  iipon  progressive  inheritance,  between 
the  history  of  the  development  of  the  germ  of  the  individual  and  the 
history  of  the  development  of  his  ancestral  stock.  In  the  latler,  I,  at 
that  time,  distiugtiished  ten  different  principal  degrees  within  the 
vertebrate  stock.  I  dwelt  esi)ecially,  however,  niKiu  the  logical  con- 
nection between  the  evolution  of  man  and  the  theory  of  modification  by 
descent;  if  the  lutter  i^  true  it  gives  absolute  validity  to  the  former. 
"The  proposition  that  mun  has  developed  f^om  the  lower  vertebrates 
and,  Indeed,  iinmediately  froin  the  true  apes  is  a  special  deduction 
which  must  necessarily  result  from  the  general  induction  made  by  the 
law  of  the  theory  of  descent."  I  showed  the  farther  development  and 
results  of  this  conception  in  the  various  editions  of  my  Natarliche 
Schiipfungs-Geschichte  (first  edition,  1S68;  ninth  edition,  1898),  and  my 
Anthropogenie  (first  edition,  1874;  fourth  edition,  1S91),  its  firm  founda- 
tion was  shown  in  the  third  part  of  my  Systemati8cfaePhylogei]ic(1895). 

It  18  well  known  that  in  the  course  of  the  forty  years  which  have 
passed  since  the  first  pnhlieation  of  Darwin's  theory  an  extensive 
polemical  literature  has  appeared,  relating  to  both  its  general  signifi- 
cance and  to  the  evolution  of  man,  its  most  important  result.  That 
the  latter  is  indissotubly  connected  with  the  former  is  now  generally 
recognized,  and  it  is  exactly  tliis  intimate  connei-tion  that  explains  the 
Btubburn  resistance  that  has  been  shown  to  tlie  entire  theory  of  evolu- 
tion by  all  mystical  and  orthodox  schools,  by  all  men  who  have  not 
been  able  to  free  themselves  from  the  traditional  authropocentric 
superstition.  In  the  sharp  light  that  has  ensued  on  this  subject  the 
most  varied  weapons  have  been  used.  We  can  refer  here  only  to  cer- 
tain exceptions  based  upon  empirical  biological  grounds;  we  must 
disregard  all  those  numerous  assaults  basi-d  upon  metaphysiiral  and 
mystical  3)>eculation8  made  by  those  ignorant  of  the  empirical  but  well 
establislied  facts  of  biology.  The  most  imiwrtant  part  of  our  task 
will,  therefore,  be  the  critical  examination  of  the  three  evidential 
sciences  which  we  place  at  the  base  of  all  phylogenetic  researches: 
paleontology,  comparative  auatomy,  and  ontogeny.  We  must  cast  a 
glance  upon  the  advances  made  during  the  last  ten  years  in  these  three 
auxiliaries  of  the  science  of  the  evolution  of  man  and  thus  ascertain 
the  degree  of  certainty  to  which  a  knowledge  of  his  origin  has  attained 
by  reason  of  these  advances. 

First,  we  bave  to  examine  the  position  which  modern  zoology,  sup- 
ported by  compar.'>tive  anatomy,  gives  to  man  in  the  natural  system 
of  the  animal  kingdom.  For  the  aim  of  the  natural  system  itself  is  to 
establish  the  hypothetical  family  tree  and  all  the  single  groups,  greater 
or  smaller,  which  we  distinguish  as  classes,  legions,  orders,  families, 
genera,  and  species  in  the  same  stock  are  only  different  twigs  and 
branches  of  this  tree.  Now,  tlie  systematic  place  which  should  be 
assigned  to  man  in  consideration  of  all  the  details  of  his  bodily  struc- 
ture remained  for  a  long  time  doubtful.     When  the  great  Lamarck,  at 
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tbe  beginning  of  thin  century,  i;i'ou)>eil  tog<-tbor  as  vertebrntes  the 
four  bigber  of  the  six  classes  of  nniniHls.  lie  iniinediately  a.-isigiied  to 
man  a  position  at  tbeir  lieacl.  Linnii'nii  himself  bad  already,  in  1735, 
in  hiH  fnndaniental  "Systetna  Natariie,''  pl:iced  man  at  the  head  of  the 
mammals,  grouping  liim  with  theapesaod  the  lemurs  in  the"  Authropo- 
inorpha,-'  or  niaD-likeiTeature^;  later  he  called  these  domiuantautmals, 
or  "  Primates,*'  the  "lords  of  creation." 

Man  poseeases  in  his  bodily  structure  all  the  marks  by  which  mam- 
mals are  separated  from  other  vertebrates,  and  there  has,  therefore, 
never  been  any  cuiitroversy  about  his  belonging  to  this  class.  On  the 
contrary,  there  are,  even  to  this  day,  differences  of  opinion  as  to  the 
place  to  which  man  should  be  assigned  in  one  of  the  orders  of  mam- 
mals. Cnvier,  when  he  made  a  new  scientific  classification  of  animals 
(1817),  followed  the  precedent  of  Bluioeubauli  and  create^l  for  man  the 
special  order  Ttimana,  or  two-handed  animals,  in  opposition  to  the  apes 
and  lemurs,  who  were  known  as  the  Quoflrumana,  or  fonr-handed 
animals.  This  arrangement  was  retained  for  half  a  centnry  in  most 
text-books.  It  first  became  untenable  when  Huxley  showed,  in  1863, 
that  it  was  based  upon  an  anatomical  error,  and  that  t'le  apes  were  in 
truth  as  much  two  handed  as  man.  Thereupon  the  order  of  Primate 
in  the  Linna-au  sense  was  again  restored. 

Most  authors  in  the  last  thirty  years  have  separated  the  Primates 
into  three  suborders:  (1)  the  lemurs  {Prostmiw);  (2)  the  apes  {Simiir), 
and  {3)  men  (Anikropi).  Again,  other  zoologists  assign  to  man  only 
the  rank  of  another  family  in  the  order  of  apes.  The  imlymorphic 
group  of  true  apes  (Simia:  or  Pitheca)  falls  into  two  natural  divisions 
that  are  gcogniiihicaUy  quite  distinct  and  have  developed  entirely 
independent  of  each  other  i  n  the  western  and  the  eastern  hemispheres. 
The  American  or  western  apes  (Hesperopitkeca)  are  distinguished  by  a 
short,  bony,  auditory  passage  and  a  broad  nasal  septum.  They  are 
therefore  called  the  Hat-nosed  apes  {Platyrrkin<r).  On  the  contrary,  the 
aiiesthatinhabit  Asia  aiul  Africa  (in  early  times  Kurope  also)  have,  like 
man,  a  long  auditory  jtassage  and  a  narrow  nasal  septum.  Tbey  are 
therefore  called  Old- World  apes  ( Eopithecn),  or  also  narrow-nosed  apes 
[Catarrhinw).  As  man  has  in  the  rest  of  his  bodily  structure  the  mor- 
phological characters  of  the  Old-World  apes  and  is,  like  them,  thns 
distinguished  from  the  apes  of  the  Ifew  World,  certain  zoologists  have 
assigned  to  him  a  situation  within  the  former  group.  Undonbtedly 
this  suborder  of  the  catarrbiitet^  is  an  entirely  natural  division,  who^e 
numerous  living  and  e\tinct  species  are  clearly  united  by  many 
important  characters  of  bodily  siructure,  bnt  it  embraces,  nevertheless, 
a  long  series  of  very  different  structural  stages.  The  lowest  dog-si)es 
[Cynopithecti),  especially  the  balioons  {Papiomorpha),  appear  like  a 
repul"'  '  ^ture  of  the  noble  human  form.    They  remain  at  a  veiy 

low  'opmeiit  and  are  allied  to  the  older  platyrrhines  and 

pro  e  other  hand,  the  tailless  a)>e3  [  Anthropomorpka) 
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rise  to  ii  lieiglit  of  organization  tUat  witlieB  cleur  i\s  Any  the  iitiuiediate 
trauyitiou  tx>  tlie  hiimait  forui.  For  that  reason  oue  of  the  most  pro- 
Ibiitid  stuilent.s  of  the  auatomy  of  primates,  Robert  Ilartinanu,  went 
80  far  as  to  separate  the  entire  order  of  primates  into  three  families : 
(1)  I'rimarii {man  and  tlie  anthropoid  apes);  (2)  Simia;  or  apes  proper 
(catarrliiues  and  platyrrbiuea);  (3)  ProKtmiw  (lemurs).  This  arrange- 
ment seems  justified  by  the  interesting  statement  made  by  Selenka 
(1890)  that  the  qnite  pecnliar  formation  of  the  placenta  of  man  is  fonud 
in  the  anthroi>eid8,  but  not  in  the  other  apes. 

DecittiTe  for  the  qaestion  as  to  which  of  tbe'ie  various  class  ill  cations 
wo  should  prefer  was  the  proposition  advanced  by  Ifuxley,  in  18C:t, 
after  a  careful  and  critical  examination  of  all  the  anatomical  relatioua 
within  the  order  of  primates,  and  which  I  have  called  in  his  honor 
''Huxley's  law,"  or  Huxley's  pithecometric  proposition:  "Whatever 
system  of  organs  be  studied,  the  comparit^on  of  their  modifications  in 
the  ape  series  leads  ua  to  oue  and  the  same  resnit — that  the  structural 
diflurences  which  separate  man  from  the  gorilla  and  the  chimpanzee 
are  not  so  great  as  those  whicli  separate  the  gorilla  from  the  lower 
apes."  Thereupon  it  becomes  necessary  for  every  unprejudiced  tax- 
onomist  to  give  man  a  systematic  place  within  the  order  of  the  apes. 
By  the  most  consotentious  testing  of  each  difference,  and  by  the  most 
severe  logical  infei-euce,  we  can,  however,  go  a  step  further  and 
instead  of  using  the  wider  term  ai>es  {Simiie),  use  the  more  restricted 
one  of  Old- World  apes  {Catarrhin<r}.  The  standard  pithecometric 
proposition  would  tlien  be  worded  in  tliis  more  exact  way:  "  The  com- 
parative anatomy  of  all  organs  within  the  catarrhine  group  loads  us  to 
one  and  the  same  result — the  morphological  differences  between  man 
and  the  anthrojwmorphous  Old-World  apes  are  not  so  great  as  those 
which  separate  these  anthropoids  from  the  papiomorphons  baboons, 
the  lowest  of  the  catarrbines." 

We  can  now  immediately  utilize  this  incontestiible  pithecometric 
proposition,  both  for  firmly  establishing  the  basis  of  the  systematic 
classification  of  the  primates  and  for  the  genealogy  of  mau.  For  the 
natural  system  is,  within  the  order  of  the  primates,  an  expression  of 
genealogical  relationship,  just  as  it  is  in  every  other  group  of  the  ani- 
mal and  vegetable  kingdoms,  llence  result  the  following  important 
inferences  as  to  tbe  genealogical  tree  of  man:  {!)  The  primates  form  a 
natural  monophyletic  group;  all  "dominant  animals,"  lemurs,  apes, 
and  man  himself  sprang  from  a  common  original  stem  form,  a  hypo- 
thetical Archipriman.  (2)  Of  the  two  orders  of  the  legion  of  the  pri- 
mates the  lemurs  are  the  lowest  and  oldest;  from  them,  later,  the  true 
apes  (Si'mitc)  first  developed.  {3)  Among  these  latter  the  Old-World 
apes  form  a  natural  monophyletic  group;  their  common  hyitothetical 
stem  form  (ArMpithecus)  is,  directly  or  indirectly,  derived  from  a 
branch  of  the  lemurs,  no  matter  what  relation  they  may  be  assametl 
to  have  to  the  Xew-World  apes.  (4)  Man  is  descended  from  a  series 
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•,,  '•'"  --ti  v:^*  Tut  "•  e*  i^nM-  hn  rnlirr  of  lii-  narita 
-.j,^-.;-  if -_  I— k:-;_- p.»;  ^t~  *r:i.  fT«- «»«-ral  T«x- 
I  -■--"'  .  -«■  •(--?  ki»r— r  r*  ■  :i»  iT-^T-  *'f  tfc*-  tailed 
A  ":.•«*  .c  1  -l;  -A-ri.  f^'-  ri*  <'_r**»»-if-*  .  Tb«r-«-  fimr 
ii.-*.  fcn-r--  1^  *  ITT  to."''3:":_  rt;»I'»T»  >  «Ktl«iL  no 
T    --..-r.-r   i;.h-:«n>-».      c   :*!.— 'n- j.-p  ■»!  c.;^»'T*rifes   Buy 


i-,,  _i-.-k:  7  -^i.  :•.'  •:.►  L^z-i  -.1.-:  si-L-  tltJ.  d,*'-r*-iK5r«  -if  separate 
^-.^  -*  '  fc;.  ;;. «".•■.  »:.  I  <■■  l^-r  >"i-^  yv'-.^^sifcT  -— -.'  ^nxp?  lb«m  in 
^ot.ril  '>•  ^-r  ».—  ■;  — r  ":■  :i^:i  '•■■=.::>■  r  ci»r*<CerR.  -j*  •-aB[tie1«Iy 
*i--^  -^.-.-aV-i  :  -  T»l  I  TT  .■'  :rLT  J^:l■T^:^:•n^f3-.'  j^  :osii-..L  j:,<1  iu 
-  ?■  1  •:■  .i:-rv  -.i-^  V  :  >■*-  i-z.-i'T'^--  iiir  tiitst  r  ori>bolo^ical 
'JO-  •  >r»-  ■:.-  i.'»-  tI-  ;  -t-  f.'^iviL  -it*  ;-  .i  *re  r-ssLt  m:  by  that 
i-..-;^ 'Tivt  -  - 1  1.' -■tr:. .  *■*-!  T^-  =^  i  irc--i^«i  s  jeix*.  rampua- 
it:!;.-  .■.■_-:•-  >'  T  *-  -ip'^.i;  -d -■r.:<ir-.*.-^ '.-f  »;]  r!i«r  ictivitiea 
I/.  ; -^  >-jci.»-  ■:^-  :1»:  ::.  ii.:- c-T.Ar:=ir;.:  »'.-v  :b«*  i*  norbn^  any 
r*---'*.  1 -"  "  -'.  -  ■••-:»<r-i.  =-ii  »;. :  jt-ts.  *>=rt::::re  catrinon.  secre- 
'..•  :  i-i  '■::  \'.^-.  -.  '.-^-iT'L-ij  »>■!  -i  _-^::  ■. ,  -r«  i^rfonneil  by  the 
•a-..*-  :lv».-  .:  «-.i  .1»^:  m:  :.r.-»-t>T«>  j«»::*:  tie  j=:hn>i«iil  a^H^  It 
i-  X  .*  -a::-*  ^I'X  thv  if.  "aT'^  ;  r>«*-j.*»*  ■ :  -ir-.-al  .taririties  and  iiropa- 
::at  '.-a.  1:  >  tL*  *.5i:,tr  *".*•.'  f'.-r  ;L#  a::.!-*;  f-a-nocs  <>f  .movement  and 
•^L-a:. -:;,  <  ►tU'  nr:::^:  j'.-i^ity  rv-i".';.*  ir^:a  tb*  :sam«  physical  and 
4t-tL:'- ±'.  LiW8  »«  ■!'»-  :i«  of  :":♦  ij**,  Th*  E.-r-liai>k-s  of  oorbonf 
fr-i'!,t  ai-d  :L*^  11,  Ti-o-«:.;-  -:;r  ^"-cjes  :i„T*«rT  :o  tbis  arrangement  of 
l«rv*-r-  «r»- ::.  h'j  *jt  <l:**r:'-ni  ic  ma:,  j;.-:  ;L«  aaIhm}<oid  apes.  It  was 
f'>:;(i^:!y  '^'ij^'i-t  :t:it  ».i;i;-:-j:  fr»->l  » i«  .»  >]<e^:a)  attribntr  of  man. 
W<; : ..»  kiiiw  th  It  :i;i-  ^la  vi=;<-Tisi*  be  "l-ine  by  tbe  gorilla  and  the 

It  :-  <.::••-  ;!.■-  ^<nnf  w;Th  baaian  siieerh,  Tbe  varioas  soauds  by 
•  i..i-b  a;*-  es.;-r*-^  lb.-::  >*,-nsi:i<v.s  anl  ihrir  wisbes.  tbeir  affet-tion, 
ar.<!  avfr;-:"ii  :i.Q-i;  by  r..ni;ura;:ve  i-hysiMlogy  W  coosiilered  as  S|»eech, 
ji-t  a-  iDiili  a-  art-  tlie  similarly  i=!'.>rr:V>t  -itiamis  that  children  make 
v'uf-ri  l<-3r;iiui:  to  lA.k.  hikI  a;'  the  ma:;::>>M  tones  by  means  of  which 
MK-ial  maiiiua!-  a:.<I  i-inis  i;ipart  to  e,K-L  (ttbtr  their  ideas.  The  inod- 
rilMtMl  -■!;;:  of  thi-  s:;i;:'d^  Niril  1k-:(i!:^'s  to  sjieet'b  josl  as  mnch  as  the 
tii!i::l.ir  M>!ic  of  man.  IVe<i<le.«.  I'.^vre  f\'.9<8  :i  nmsical  anthropoid.  The 
BJii^iii;:  ktMhiii  .ir  fiaiuan^'  //_.  n'-.i'^  *mi.ir>'M  b<>giu8  with  the  fnn- 
dariit-ntal  tone  E  ami  f;o*^  ii['«";>i"d  !linnij:h  ihe  entire  chromatic  scale, 
a  full 'Mtave.  in  pure  and  sonomns  lia'i  tone.*.  The  old  doctrine  that 
only  man  is  endowed  with  s|>eet^'h  and  reusoii  is  still  to-day  held  by 
luiKif  :intlioriI:itive  i>li;Iiil(iKi-its.  as.  for  e\a;inilf.  Max  Miiller  at  Oxford. 
'i  lime  th;it  lliis  erroneons  iniitres-loii.  resting  on  a  lack  of 
Innuation.  slmnld  tte  abandoned, 
•meiiie  prup«>sJtiou  met  with  the  greatest  difbt^'ultics  and 
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the  niO!tt  violent  opjiosition  in  an  isolated  de))artm«iit  of  neuro- 
physiology, iiHmely,  tbat  of  psychology.  The  wonderfnl  "  soul  of  man  " 
was  thought  to  be  a  peculiar  "being,"  and  it  today  seems  to  many 
im]H>8sible  tbat  it  shonld  have  been  historically  developed  from  the 
"soul  of  the  ape."  Bat  in  the  first  place  the  wonderful  disiwveries  of 
comparative  anatomy  durinc  the  last  ten  years  inform  lis  for  the  first 
time  that  the  minute  as  well  as  the  gross  structure  of  the  brain  of  man 
is  the  same  as  that  of  the  anthropoid  apes,  the  ouimportant  difference 
in  shape  and  size  of  single  parts  that  exists  between  the  two  being  less 
than  the  corresponding  dilt'erence  between  the  anthropoid  and  the  low- 
est apes  of  the  Old  World,  es|>ecially  snch  as  the  baboons.  Secondly, 
comparative  ontogeny  teaches  as  that  the  very  highly  complex  brain 
of  man  has  developed  out  of  the  same  rudimentary  form  as  that  of  all 
other  vertebrate  animals — out  of  live  cerebral  vesicles  of  the  embryo 
that  lie  om<  behind  the  other.  The  special  way  and  method  by  which 
the  peculiar  form  of  the  primate  brain  is  developed  out  of  this  extremely 
simple  rudiment  is  found  to  be  exiictly  the  same  in  man  as  in  the 
antliropoid  apes.  Thirdly,  comparative  physiology  shows  us  by  obser- 
vation and  experiment  that  the  total  fnnctions  of  the  brain,  even  con- 
BcioQsness  and  the  so-called  higher  mental  facalties,  together  with  redex 
acts,  are  in  man  preceded  by  the  same  physical  aud  chemical  phenomena 
as  in  all  other  mammals.  Fourthly  and  lastly,  we  learn  through  com- 
piirative  pathology  that  all  so-called  "mental  diseases"  in  man  are 
determined  by  material  changes  in  the  material  of  the  brain,  just  as 
they  are  in  the  nearest  related  mammals. 

An  un])rejadiced  critical  comparison  confirms  here  also  Unxley's 
law:  the  psychological  differences  between  man  and  the  anthropoid 
apea  are  less  than  the  corresponding  differences  between  the  anthro- 
poid and  the  lowest  apes.  Aud  this  physiological  fact  corresponds 
exactly  with  the  lesnltsof  an  anatomical  examination  of  the  dill'erences 
found  in  the  strnctnre  of  the  cortex  of  the  brain,  the  most  important 
"organ  of  the  soul."  The  deep  sigoittcance  of  this  information  will  be 
clearer  to  us  when  we  consider  the  extraordinary  differences  in  mental 
capacity  that  exist  within  the  hnman  species  itself.  There  we  se*.-,  high 
above,  a  Goethe  and  a  Shakespeare,  a  Darwin  and  a  Lamarck,  a 
Spinoza  and  an  Aristotle,  and  then,  far  below,  a  Veddah  and  an  Akkah, 
a  Bushman  and  a  Patagonian.  The  enormous  difference  in  mental 
capacity  between  these  highest  and  lowest  representatives  of  the 
human  race  is  much  greater  than  between  the  latter  and  the  anthropoid 
apes. 

Since,  in  spite  of  this,  we  Und  that  the  soul  of  man  is  to-day  regarded 
in  the  widest  circles  as  an  es)>ecial  "being"  and  as  the  most  important 
witness  against  the  de<:ried  doctrine  of  the  descent  of  man  from  apes, 
we  explain  it  on  the  one  hand  by  the  wretched  condition  of  the  so-called 
"psychology,"  on  the  other  by  the  widespread  superstition  concerning 
the  immortality  of  the  soul.    The  science  which  to-day  in  most  text- 
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tjoi-'k.-  rfotl  f:'«n  n.«>-l  Ji-3»«ieni;c  rhAir*  ;:•  '.iuuhc  a^  -p«yehoJo«y~  i«  noC 
a  tni«  *-n>pirkal  airi*fir^  of  tLe  ii::l«L  n.-C  thf^  lAystatnzj  of  tW  Menial 
nT-OB^.  Imt  r»th«-  a  fanU.'!!!:  aietaphystfs.  niapoMixIeii  "f  oae-avled 
intrt>-T>e<:Uv»-  otKWrrvati- •:!  f(  **ii  and  ot  niMT'.cical  conpiuvoiu.  cfma»- 
un'ier*xiifid  data  ami  i[it->>mp>t>^  «xp4rnB«iic.'<w  of  spemlative  errors  and 
r<-li;;i(rn.'4  >l"^iBai(.  )l<r>t  of  th«  i*>-c^:'.>^  [r-Tckoio^isu  kiwv  Dothiai; 
St  all  of  tb«  brain  aad  Ar-zans  »f  -^pci-ial  sense,  that  voodofBl  mmd 
iiiifnainnAiily  mmpl^i  a^[>AranL'^  voii-it  «••'.«. v  and  alone  »  tW  orpas 
of  thft  mental  fiimlli«>  in  man  and  in  anisaU.  Host  pSfchok^iMx 
pr)-(.-*«7-.t  t'day  no  knowlrdge  "f  the  '^ijiticirant  i>n>Ue^^  of  Boden 
«f^|ieriinerital  [ihj-sktl.igr  and  p^y.hiatry,  •*  they  parposdj-  i^ootc 
ttiem:  inile*-ti.  tbey  know  D<:>thii.g  at  ;ill  oi  thv  artnal  loealiiatioo  of  tbe 
)^|>ar»te  mental  faculties  or  tbeir  eoDt-arreiKV  in  tbe  norBal  vorkiDSS 
of  tbe  linjile  [lortMiiiJ-  of  the  hniu. 

The  ^nrfiri^'ing  d;-ii-l»?'ari^  vbiih  ti:^  na:ia:e  anatoaj  and  oatogaif 
uT  the  bnmaii  hraiii.  a.v^Sted  by  eipericnental  ;>hy«iok^;  and  pathol- 
ogy. h»ve  nij<]<-  dnri:  J  :he  last  four  year?  aie  amitDL:  tbe  most  impor- 
tant d : '^-o verity  of  tbe  nineieeDtb  cenlmy.    Indeed,  tbe^  bare  not 
hiihfrio  }if*ii  ^y.r-'.y  kn<tvn.  wiub  l<^  explained  on  tbe  one  hand  by 
thf  erf  At  Ai^.c'.'.zj  of  ZLv  s-ch  rt-t  wLith  dt-.kli  with  tbe  extresnely  eoB- 
jfl'-aTed  !iT:::i":::re  of  o.;r  bT^aia.  and  on  tLe  oraer  band  Ijy  tbe  pas^ire 
iH;S' nei-kfil  :e^:>Tar,'e  of  sie  doniinant  si-h'X»I  of  psychokt^.    Tbe 
l<>.-a'.:;.*r.  •-  o:";:.e  L  r-er  xecta!  :';*.-:;i;;e>  ap>>n  tbe  cortex  of  tbe  bnjn 
was  e*rt:ed   tc:;  years  a^>  by  the  »-;^2ejr.ve  n-seafcbe*  of  Goltz. 
Mr.:.i.   Weri.uke.   Editcer.  and    oti-ers.     I'.nt  rei-eotly     ISW     Paul 
F!rti.i:j:  bis  -la.veeii^r^i  :a  umiiz-s  03:  ti:e*;:ig!e  parts  of  this  n^ion  in 
a  drnnitc  =.an:.er;  Le  L.is  j«>:c:ed  out  :'..*:  :n  tbe  gray  cortical  zone  of 
iLe  l-raia  m  ir.ile  iLrre  ar*  rV-or  il«u-;y  der_ed  tegiom^  for  tbe  central 
seiise  •T-jaiis.or  f-ar-sei-^ory  >;'':.rrws" — ;Le  spbere  for  general  bodily 
sea-;V;:::y.  in  ;be  par:»:-al  '.■■';^:  tl.e  sj.Lere  f-T  ane!!.  in  the  frontal  lobe; 
iLitforT:>:on.Jn  t;.«:o.-i-::  itil  :--be.a2d  liiM  i-  r  bardring.  in  tbe  temporal 
l.ir*.    l^iween  -L.-i!e  foir  - reats  of  ?eciati.-r."  lie  :ht  four  ^rcat  :»eats  of 
ti.o'ijlit  or  •■a'iiO'-^ati'-a  eeL.iers~ — the  real  or^rans  of  iolellectnal  life^ 
T::ey  are  iLe  L:jbe>t  ar-parara-iof  tbexectai  £aea!:y.oo  vbicfa  tboogfat 
a:.ii  o»-B-«i'-'a>iieKi  .'.e[*LtL    In  fn^:;:  t!.efr\ir.;jl  brain,  or -frontal  asao- 
ciatl'-n  i.-e:.ter:~!'eh:cd  a::da":".we  :":ie -.>ar:*-:a!  bra:::  or -parietal  asaoci- 
a-:--ii  «r:<ter:"i"rl.i:.d  a:.d  bt-.'-w  :he  pr:2.:p«a:  I'rain.  or-* great  occiptto- 
teji-i-oral  a~iWK:j::o:;  eeslt-r"  ;Le  c.'->s:  ;=:p"n.»nl  of  all .  and  finally. 
.  is  p".  *.ei!  the  insala  brain,  or-'i^land 
i.Tr.:er.~    These  fonrseatsof  thongbt. 
;".-ly  »>*n;i-l:i:a:ed  nerve  stmetai«  from 
:oL.  ai*  :be  real  -or^ns  of  tbooght,' 
:e".:al  l:fe.    •     •     • 
La;  It^s  pi:iie<>ntol(^T  to  say  regarding 
-r-a:~ve  a-  .iT'>T.y  and  their  application 
■A  to  piiy^^ny  f    For  it  is  tbe  pMri- 
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favtioua  that  :ii-<!  tbe  true  "  lootpriuts  ol' the  Creiitor,"  tlii>  immediate 
testimoniaiti  of  tlie  historical  Ruccession  of  tbe  iiamerous  groups  of  forms 
which  have  peopled  this  earthly  bail  for  so  many  milliotis  of  years. 
Do  jietri  factious  of  the  primates  give  us  auy  deterniinftte  points  of  sap- 
port  for  the  HbovG-men tinned  pithecometric  lawt  Do  they  directly 
confirm  the  much'dispiite<I  "de.sceiit  of  man  from  apes"!  According 
to  our  view,  this  tiuestiou  must  be  undoubtedly  answered  in  the  affirm- 
ative. Oertainly  tiie  negative  gaps  which  we  here,  as  elsewhere,  find 
ill  paleontological  knowledge  are  very  much  to  be  regretted,  and 
ioimediHtcly  in  the  primate  stem  they  are,  since  most  of  these  animals 
lived  upon  trees,  greater  than  in  any  other  groups  of  animals.  But  to 
ofl'set  these  wide,  empty  spaces  we  have  on  the  other  band  a  continu- 
ally increasing  number  of  positive  facts,  and  these  recently  discovered 
petrifactious  have  a  phylogenctic  value  that  can  not  be  overestimated. 
Tbe  most  important  aud  interestiug  of  these  petrifactions  of  tbe  pri- 
mates is  the  renowned  PtthecanthropuH  erectua,  which  Eugeue  Dubois 
found  in  Java  in  1«94.  As  this  pliocene  ape  man  brought  out  a  lively 
discussion  at  tlie  last  sioological  congress  beld  three  years  ago  at  Ley- 
den,  I  may  be  permitted  to  say  a  few  words  in  criticism  of  it. 

From  the  proceedings  of  the  congress  at  I^eyden  (at  which  I  was  not 
prei^ent),  I  learn  that  the  most  distinguished  anatomists  and  zoologists 
expressed  different  views  as  to  the  natnre  of  this  remarkable  Pithecan- 
thropus. Its  remains,  a  skullcap,  a  femur,  and  some  teeth,  were  so 
incomplete  that  it  was  not  [>n»sible  to  arrive  at  a  conclnsive  Jadgment 
regiirding  them.  Tbe  final  result  of  the  long  and  spirited  debate  held 
on  this  subject  was  that  among  twelve  distinguished  authorities  three 
declared  the  fossil  remains  to  be  those  of  a  man,  three  that  they  were 
those  of  an  ape.  Six  or  more  other  zoologists,  on  the  contrary,  stated 
what  I  believe  to  be  the  real  fact,  that  they  are  tbe  fossil  remains  of  a 
form  intermediate  between  ape  and  man.  In  fact  the  ordinary  rules  of 
logic  seem  tome  to  justify  this  couclusion.  The  Fithecanthrnpus  erectus 
of  Dubois  is  in  fact  a  relic  of  that  extinct  group  intermediate  between 
man  and  ape  to  which  as  long  ago  us  in  ISSC  I  gave  the  name  of  PUhe- 
canthropuK.  He  is  the  long-sought  "  missing  link ''  in  the  chain  of  the 
highest  primates. 

The  able  discoverer  of  Pitkecanthropvs  erectvs,  Eugi-ne  Dubois,  has 
not  only  convincingly  pointed  out  his  high  significance  as  a  "missing 
liuk,"  but  has  also  shown  in  a  very  acute  manner  the  relations  which 
this  intermediate  form  has  on  tbe  one  side  to  the  lower  races  of  man- 
kind, on  tbe  other  band  to  tbe  various  known  races  of  anthropoid  apes, 
as  well  as  to  the  hypothetical  stem  form  common  to  this  entire  group 
ot  Primaria  or  Anllm>pomo:pha.  This  common  stem  form  Dubois  calls 
ProtohylobaleH  (primitive  gibbon).  It  has  essentially  the  same  strnc- 
tnre  as  we  find  in  the  gibbon  of  to-day  (Hylobatea)  in  southern  Asia, 
and  as  the  fossil  I'tiopithecm,  whose  petrified  remains  have  been  found 
in  the  Mid-Tertiary  mountains  of  middle  Euiupe  (in  tbe  Upper  Miocene 

C 


47'<    OS  ora  piicsEvr  kxowledge  of  the  origin  op  man. 

<tf  FnuK^.  Svii/«rilitiiil.  au4  St>~rui.  This  iu  toru  is  deri%'ed  frum  an 
uliler.  geufmli/ti)  Kjie  foim  wlij<-li  livt^  id  the  ol<ler  Hioceue  |i«rio«I, 
nnd  wfakh  m^y  be  repirde<l  as  the  common  aovestor  of  the  Old  World 
sjies.  lioth  the  tailed  iyniipifkret  »ud  the  tailless  AntMropowtorpka. 
Among  the  Uiter  ve  uow  re«x>giii£e  the  two  living  species  of  the  ^bbou 
wbicli  i^taitd  very  near  t>i  PlMjiitkcema.  a-<  well  as  fossil  authroiKtid  ajtes 
that  li^l  ilire4:tly  to  /  itkernmlkrvpiu,  Saeb  »n  iatermediate  stem  form 
is  I'liujiilkritm  xirntmxi*.  wlioee  skeletoo  wasfoaiidin  tbeeu-ly  Tertiury 
layers  of  e.isterii  lodiii  in  the  Plioeetie  SiKalik  strata. 

For  I'liruiiuf;  a  forre»-t  jadgmeot  coDoeruiug  this  imjmrtant  Bith^can- 
thr'-puK  ^od  its  immetliate  position  between  the  aathn>|>oids  and  man, 
two  featuiei^  ;ire  e^peaially  valuable:  first,  the  close  resemblance  of  the 
lemur  to  that  of  man,  and  >«fOud,  the  relative  size  of  the  brain.  Among 
the  few  anthru)K)id  :<]■««  yet  living  tue  gibltuns  appear  to  be  the  lowest 
and  oldest,  standing  nearest  lUe  stem  form  of  all  the  Anthropomorpka; 
they  are  also  the  most  generalised  and  appear  especially  adapted  to 
illustrate  tlie  "tnuisformatioD  of  ii)>es  into  man."  The  gibbons  more 
than  (Ue  <itlier  anttiro[>oids  have  the  liabit  of  volautarily  assamini;  the 
upri^iit  position,  whereby  they  walk  u|m>q  the  entire  sole  of  the  foot 
and  use  their  long  arms  as  balaneing  poles.  The  other  modern  apes 
(orang.  chimpanzee,  and  gorilla)  seek  the  upright  position,  and  wheo 
they  use  it  do  not  tread  u|ton  the  entire  sole  but  upon  the  outer  edge 
of  the  foot:  they  also  have  in  other  respects  more  specialized  charac- 
ters, adapted  e!i))eciHlly  to  tlieir  tree  climbing  life.  It  is  thns  explainml 
why  it  is  that  it  is  exat^'tly  the  femur,  in  Htflobate*  and  PilheeaHthropus, 
that  is  much  more  human  in  form  than  that  of  the  gorilla,  theorang, 
and  the  chimpanzee. 

But  also  the  skull,  that  ■'  mysterious  vessel "  of  the  organ  of  the  soul, 
approachen  nearest  the  human  pro[>ortiODs  both  iu  PUkecanlhropus  and 
in  the  gibbon  in  important  [>articulars — the  rough,  bony  crests  which 
the  skulls  of  the  other  antliro|)oids  show  are  wanting.  The  relative  size 
of  the  hr-.iin  (in  pniportiou  to  that  of  the  entire  body]  is  In  the  latter 
only  half  as  great  as  it  is  in  the  gibbon.  The  capacity  of  the  skull  of 
Pithet-antkropuM  is  from  WW  to  1,000  t-.c,  therefore  altout  two-thirds 
the  capacity  of  an  average  human  skull.  On  tlie  other  hand,  the  largest 
'  living;  anthroiwids  show  a  capacity  half  as  high  as  this — 500  c.  c.  So 
the  capacity  of  the  skull  and  couseiiuently  the  size  of  the  brain  is  in 
Pilliei-anthropHs  exactly  midway  between  that  of  the  anthropoid  a|>es 
and  the  lower  races  of  mankind ;  and  the  same  is  also  true  for  the  char- 
acteristic profile  line  of  the  face.  In  this  resi>ect  compare  the  skulls  of 
the  lowest  and  most  pithecoid  races  of  man.  Among  these  the  still 
living  pygmies,  the  little  Veddahs  of  Ceylon  and  the  Akkas  of  Central 
Africa,  are  of  great  interest.  An  unprejudiced  comparison  of  all  these 
anatomical  facts  shows  in  no  ambigmms  manner  the  character  of  Pitk- 
ecanfhropus  as  a  true  intermediate  form  between  anthropoid  apes  and 
'uan;  lie  is  the  long  stiiigLt  tor  and  much  discussed  "miasiug  Uuk^  in 
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tln'  eliaiii  iif'<mi*  priiiuitu  ivmwstorH,  by  iniiiiy  rc^unlud  im  ot'tlm  liigliest 
iii]lK>rt»iieo. 

To  this  inomeiitoiiB  iiiterpretiitiou,  which  is  now  iiccepteil  by  nearly 
all  naturaliitts,  tbe  renowned  pathologist  of  Berlin,  Kobcrt  Yirchow, 
set  11)1  the  most  obstinate  opiiosition.  lie  went  to  Leydeu  for  the  special 
parpoHe  of  contradicting  the  idea  that  the  I'Uheranihropug  is  a  transi- 
tional form,  bnt  met  with  little  success.  His  contention  that  the  skull 
and  the  femur  of  Piihecanthroput  could  not  have  belonged  together, 
that  the  first  belonged  to  an  ape  and  tbe  second  to  a  man,  was  rejected 
at  once  by  the  expert  paleoutologiKts  present,  who  declared  unani- 
mously that,  in  view  of  the  extremely  careful  and  conscientious  account 
of  the  discovery  "there  could  not  the  slightest  doubt  exist  that  the 
reiintiDH  belonged  to  one  and  the  same  individual."  Virchow  furtlier 
asserted  that  a  pathological  exostosis  in  tbe  femur  of  Pitkecanthropus 
likewise  testified  to  its  bnmau  character,  for  only  by  the  most  careful 
attention  by  human  hands  can  such  disorders  be  cured.  Immediately 
tliereni>on  the  famous  paleontologist  Marsh  showed  a  number  of  simi- 
lar exostoses  upon  theleg  bouesof  wild  apes,  who  had  had  no  "nursing 
care,"  and  yet  had  recovered.  Every  great  osteological  collection  con- 
tains similar  specimens;  experienced  hunters  know  that  fractures  and 
inllammatioQS  of  boues  in  foxes,  hares,  harts,  roebacks,  etc.,  are  often 
healed  ijuite  well,  without  the  intervention  of  man,  while  those  animals 
are  in  a  state  of  freedom.  Finally,  Virchow  asserted  that  the  de«p 
notch  between  the  orbital  edge  and  tlie  low  skollcap  of  Pithecantkro- 
pws— ft  sign  of  a  very  deep  conformation  of  the  temporal  fossa — were 
decisive  for  tbe  ape-like  chi^racter  of  the  skull,  and  that  such  a  for- 
mation never  occurs  in  man.  A  few  weeks  later  tbe  paleontologist 
Nehring  (who  from  the  beginning  bad  supported  the  Just  conclusion  of 
Dubois)  showed  that  exactly  the  same  formation  was  presented  by  a 
human  sknit  from  iSantos,  in  Brazil. 

Virchow  had  formerly  the  same  want  of  success  with  his  "  patho- 
logical significauce  of  the  skulls  of  the  lower  races  of  man."  The 
famous  skulls  of  Neanderthal,  of  Spy,  of  Mouliu-Quignou,  of  La  Nau- 
lette,  etc. — which  takeu  together  are  the  interesting  isolated  remains 
of  an  extinct  lower  race  of  man  standi  ng4ietweeu  Pithecanthropun  and 
the  races  of  the  present  day — these  were  all  declared  by  Virchow  to 
be  pathological  prodncU;  indeed,  the  sagacious  pathologist  at  last  made 
the  incredible  assertion  that  "all  organic  variations  are  pathological;" 
ihat  they  are  only  proilu««d  through  diseaae.  According  to  this  all 
our  noblest  cultivatol  products,  our  bunting  hounds  and  our  horses, 
our  noble  grains  and  our  fine  table  fruit,  are,  alas!  diseased  natural 
objei-ts  that  have  arisen  by  pathological  changes  from  the  wild  original 
forms  that  alone  a  e  "healthy." 

In  Older  to  make  this  strange  assertion  of  Virchow  intelligible,  it 
must  be  remembered  that  for  more  than  thirty  years  he  has  regarded 
it  as  his  espet^ial  duty  ;is  a  scientist  to  oppose  the  Darwinian  theory  and 
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thu  doctrine  of  t-volutiou  tievessarily  vouuected  with  it.  With  the  grest- 
eut  obstiiiDcy  lie  hns  inaintiiined  the  doctrine  of  the  constancy  of  species, 
wliicb  is  DOW  abandODcd  by  all  naturalists  of  good  judgment;  bnt  in 
what  iiowcousista  the  essential  idea  of  a  "trueBi>eciefi"hflcan  nomore 
tell  than  any  other  oppoaent  of  evolotion.  The  most  imiwrtant  eoucla- 
fiion  from  the  latter,  the  "  descent  of  man  from  the  ape,"  Virchow  is  well 
known  to  attack  with  /.eal  and  energy.  "  It  is  qnite  certain  that  man 
did  not  descend  from  the  apes."  This  assertion  of  the  Berlin  pathol- 
ogist has  been  for  twenty  years  past  repeated  innamerable  times  in 
religions  and  other  pcriodicals^^ited  as  the  decisive  judgment  of  the 
very  highest  authority — not  caring  in  the  least  that  now  almost  all 
exjiertH  of  good  judgment  hold  the  opposite  conviction.  According  to 
Vircliow  the  ape-man  is  a  mere  "figment  of  a  dream;"  the  petrified 
remains  of  I'ithecanthropus  are  the  palpable  contradiction  of  such  an 
untbuudcd  theoretical  assertion. 

How  dire<;tly  fruitful  the  great  advances  id  paleontology  for  the  last 
thirty  years  also  are  for  our  pithecoid  theory  can  l>est  be  shown  by  the 
example  of  tlie  legion  of  the  primates  itself.  Cuvier,  the  founder  of 
scientific  paleontology,  asserted  up  to  the  time  of  his  death  (1832)  that 
there  were  no  petrifactions  of  apes;  the  only  fossil  lemur  whose  sknll 
he  deHcribed  ( Adttph)  he  erroneously  took  for  a  hoofed  animal. 

The  first  petrified  remains  of  apes  were  discovered  in  India,  in  1836, 
in  1838  the  Menopithecim  pentkelicus  was  discovered  near  Athens,  and 
in  1802  fnrtlier  remains  of  lemurs.  But  within  the  last  twenty  years 
BO  uumerouH  remains  of  extinct  primates  have  become  known  to  as 
through  the  discoveries  of  Gaudry,  Filhol,  Scblosser,  and  e8i>ecially 
by  the  rich  finds  of  the  American  paleontologists  Harsh,  Cope, 
Lcidy,  dsboni,  Ameghiuo,  and  others,  that  we  have  now  obtained  a 
HiiliMfaetory  geiieriil  insight  into  the  rich  development  of  this  highest 
legion  of  mammals  during  the  Tertiary  period.  With  great  admiratJon 
I  have  recently  seen  in  l^ndon  the  instructive  series  of  fossil  primates 
wliich  is  displayed  in  the  noble  paleoutologieal  section  of  the  museum 
of  natural  history  in  South  Kensington,  in  which  there  is  a  gigantic 
fossil  lemur  which  was  nearly  as  large  as  a  man,  and  which  Forsyth 
Major  recently  discovered  upon  the  island  of  Madagascar  (Jfefrafadopw 
m  a  da  ijoicaricns  h } . 

Now,  as  in  Cuvier's  time,  the  most  important  diflTerencea  between  the 
two  principal  groups  of  true  apes  consists  in  the  characters  of  the 
teeth.  Man,  like  the  Old-World  apes,  possesses  thirty-two  teeth  of 
very  characteristic  structure  and  arrangement.  The  New-World  ajies 
have,  on  the  contrary,  thirty-six  teeth,  namely,  one  more  premolar  in 
each  half  of  either  jaw.  Comparative  odontology  is  authorized  to  state 
on  phylogenetic  grounds  that  this  number  has  arisen  by  reduction 
from  a  higher  denldl  formula,  from  forty-four  teeth;  for  this  typical 
form  of  dentition  (in  each  half  jaw,  above  and  below,  three  incisors, 
one  canine,  four  premolars,  and  three  molars}  is  common  to  all  those 
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older  inaiiiuialB  of  the  Koceiie  period  wliJi;!)  we  re^'urd  iib  atem-forms 
of  the  principal  groups  of  cborioii  aaiinals  [PlacenUiHa):  Lemuravida, 
Vondylarthra,  Estkonpchida,  and  Ictvpaida,  These  form  old  Tertiary 
steiii-tbrms  of  the  primates.  The  unffidaies,  the  rodentg,  and  tlie  carni- 
voren  resemble  each  other  so  niiieh  in  bodily  structnre  that  we  m»y 
bring  them  ulJ  together  as  »  single  common  stem-group  of  the  placental 
mammals,  the  primitive  chorion  uuimals  {Prochoriata).  With  great 
pnibability  we  may  now  connect  with  tliiH  the  further  monopbyletic 
hypothesis  that  all  cborion  or  placental  animals— from  the  lowest 
Proehoriata  up  to  man — arose  from  a  common  unknown  stem-form  in 
the  Cretaceous  period,  and  that  this  oldest  of  the  chorion  auinials 
arose  from  a  marsupial  group  living  in  the  Jurassic  period. 

But  in  fact  we  now  possess  among  those  numerous  fossil  lemurn  that 
bave  been  found  for  the  first  time  during  the  last  twenty  years  all 
the  intermediate  forms  desired,  all  the  "missing  links"  that  are 
required  by  phyletic  odontology.  Tbe  oldest  Frosimia  of  tlie  Tertiary 
period,  the  pachylemurs  (or  Hj/opsodines)  of  the  old  Koceue,  have  yet 
tbe  original  forty-four  teeth  of  the  placental  stem-group;  in  every  half 
jaw,  above  and  below,  three  incisors,  one  canine,  four  premolars,  and 
three  molars.  The  necrolemiirs  (or  Adapides)  with  forty  teeth  followed 
them;  they  have  lost  an  incisor  on  each  side  above  and  below.  Xext 
come  the  younger  autolemurs  (or  Stenopides)  with  thirty-six  teeth  (one 
premolar  less);  they  have  therefore  already  the  same  dental  formula  as 
tbe  platyrrhines  or  American  apes.  The  dentition  of  the  catarrhines 
has  ariaeu  from  this  through  loss  of  a  second  premolar.  These  rela- 
tions are  so  clear  and  go  so  evidently  hand  in  hand  with  tbe  formation 
of  the  entire  wkuJl  and  the  stronger  development  of  the  typical  primate 
form  that  we  may  say:  Thegeueralelementary  features  of  the  primate 
genealogical  tree  from  the  oldest  £oceoe  lemur  u]>  to  man  lie  clearly 
before  our  eyes  within  the  Tertiary  age;  there  is  no  longer  any  "missiug 
link."  The  pliylctic  unity  of  the  primate  stock  from  the  oldest  lemur 
up  to  man  is  now  an  historical  fact. 

It  is  quite  different,  however,  when  we  leave  the  Tertiary  and  in  the 
Mesozoic  iwriotl  attemi)t  to  discover  the  oldest  ancestral  series  of  the 
mammals.  There  we  meet  everywhere  with  paiiiful  gaps  in  our  pale- 
ontological  I'ecord,  and  the  comparatively  few  remains  of  Mesozoic 
mammals  (especially  scanty  in  the  chalk)  are  iusufiicient  to  enable 
UB  to  form  any  definite  conclusions  as  to  the  systematic  placing;  of  the 
mammalia  in  question.  However,  comparative  anatomy  and  ontogeny 
compel  us  to  the  conclusion  that  the  Cretaceous  Placentalia  arose  from 
Jurassic  marsupials,  and  these  from  Triassic  monotremes.  We  may 
also  further  suppose  that  among  the  unknown  Flacentalia  of  the  chalk 
there  were  found  Lemurarida  and  other  Procboriata;  that  the  Avtphi- 
tkeriiila:  of  tbe  Jurassic  were  ancestors  of  tbe  nmrsupials,  iuid  that  the 
monotreme  ancestors  of  the  latter  are  to  be  sought  among  the  Panto- 
theritt  of  the  Trias.    But  paleontology  does  not  at  this  time  oll'er  ua 
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auy  iwuure  fouiidatinii  for  tlit'se  pliyletiu  by[>ottiei«e!).  Only  oue  im[M>r- 
tHiit  piece  of  i ti formation  is  given  u»,  tbat  tbe  oldettt  iiiatuuiats  of  the 
Mesozoic  age,  the  I'aiitolheria  and  Allotheria  of  the  Tritis,  were  smalt, 
lowly  orgitni'»ed,  for  the  most  part  iusect  eiitiug  auimaU  tbat  represent 
the  derivation  from  older  vertebrates,  reptiles  nr  amjihtbia.  There  is 
nothing  in  this  to  contradict  the  idea  that  the  entire  class  of  mammals, 
from  the  oldest  nionotremes  to  man,  is  mouophyletic ;  tbat  all  members 
of  it  can  be  traced  back  b)  a  single  common  stem-form. 

This  positive  conviction  of  the  pbyletic  unity  of  tlie  class  of  mam- 
mats,  berauseof  its  common  origin  from  a  single  extinct  stem-group, 
is  now  shared  by  all  expert  zoologists,  and  1  hold  it  to  be  ODe  of  the 
grentestadvancesof  modem  /.oology.  No  matter  what  system  of  organs 
we  <;ompare  in  the  various  mammalian  orders,  we  everywhere  Snd  this 
typical  agreement  in  the  essential  characters  of  their  stmcCure,  both 
minute  and  gross.  Otdy  among  mammals  is  the  skin  covered  with  true 
hairs,  from  which  fact  Uken  named  this  class  the  "hairy  animals." 
Only  in  this  class  is  generally  found  that  remarkable  kind  of  unrtnre, 
the  noarishment  of  the  neuhorn  child  with  the  milk  of  the  mother. 
Here  lies  the  pliysiolo);ical  source  of  that  highest  form  of  maternal 
love  which  has  exercised  such  a  sigoiUcant  influence  npon  the  family 
life  of  various  mammals,  as  well  as  upon  the  culture  and  higher  meu- 
tal  life  of  man.    The  poet  Chamisso  justly  says  of  this: 

Only  the  li>viiig  mother,  oaiy  sbe 

Wbo  iiarlures  froni  iu  birth  the  obild  ibe  b«ai8, 

Koiins  tho  true  joy  ibitt  we  call  bappineM, 
Clouted  by  the  love  she  oevci'  Hpares. 

If  the  Madonna  seems  to  us  the  most  sublime  and  pure  prototype  of 
this  human  maternal  love,  yet  we  perceive  on  the  other  hand  in  the 
"ape  love,"  in  the  excessive  tenderness  of  the  ape  mother,  the  couuter- 
pnrt  of  the  same  maternal  instinct.  The  slow  development  of  this,  in 
the  course  of  many  millions  of  yearn,  from  the  Trias  |ieriod  to  the  pres- 
ent, goes  bund  in  hand  with  an  im|>ortant  series  of  transformatioos. 
For  the  itdaptiition  of  the  new  born  mammal  to  suckling  involved  a 
series  of  changes  not  only  in  its  own  body  but  in  that  of  its  mother. 
While  in  the  skin  of  the  mother  the  mammary  glands  developed 
through  the  irritation  and  dill'erentiatinn  of  a  group  of  ordinary  skin 
glands,  there  was  formed  in  the  mouth  of  the  child,  by  the  act  of  suck- 
ing, the  soft  palate  and  afterwards  the  epiglottis — two  organs  of  the 
throat  that  occuronlyin  mammals.  In  connection  with  this  the  mech- 
anism of  breathing  was  changed:  this  is  .shown  not  only  in  the  minute 
structure  of  the  lungs,  but  also  in  the  formation  of  a  complete  dia- 
phragm. Oidy  in  mammals  does  the  muscular  diaphragm  form  a 
complete  partition  between  the  throax  and  the  abdomen.  In  all  other 
vertebrates  the  two  cavities  remain  openly  connected.  Also  in  the 
bony  framework  of  the  body,  and  especially  in  the  skull,  do  we  find 
results  of  these  important  transformations.    Much  the  most  important 
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of  tlieHc  is  tlie  tniiiafoi'iuation  of  the  articulation  oftbe  maadibleor 
lower  Jaw,  which  in  niamiuals  in  (juile  strikingly  different  from  that  of 
all  other  vertebrates.  This  joint,  by  which  the  lower  jaw  moves  npon 
the  teiu]ioral  bone,  is  in  uianinials  n  temporal  joint,  while  the  original 
joint  of  its  reptilian  and  amphibian  ancestors  was  a  quadrate  joint. 
The  latter  is,  in  the  mammalia,  taken  up  into  the  tympanic  cavity  and 
there  represented  by  the  articulation  of  two  of  the  special  bones  of  the 
ear,  the  malleus  and  the  iiicna;  tbe  mallenswas  formed  from  the  origi- 
nal joint  piece  of  tbe  lower  jaw,  while  the  incus  is  tbe  quadrate  bone  or 
jaw  pedicel  of  tbe  reptilian  ancestors. 

But  apart  from  these  and  other  anatomical  pecuharities  which  all 
mammals  have  in  common,  and  which  elevBte  them  above  all  other 
vertebrates,  in  order  to  recognize  their  difference  it  will  only  be  nec- 
essary to  look  at  a  single  drop  of  blood  under  a  microscope.  "Blood 
is  a  very  peculiar  juice.'*  The  small  red-blood  corpuscles  which,  heaped 
np  by  millions,  oci--a8io»  the  red  color  of  the  blood  of  vertebrates  were 
all  originally  elliptical  disks,  thicker  in  tbe  middle  (biconvex),  as  it 
was  here  that  tbe  nucleus  lay.  Only  in  the  mammals  have  these  lost 
their  nucleus,  then  appearing  thinner  in  the  middle  (biconcave),  as 
Btnull  circular  disks.  These  and  other  important  peculiaritiei<  occur, 
without  exception,  among  all  mammals,  and  separate  them  Irom  all 
other  vertebrates.  From  their  peculiar  combination  and  mutual  rela- 
tions they  can  only  have  been  acquired  onre  in  the  course  of  descent, 
and  only  from  one  stem-form  can  they  have  been  transmitted  by  inher- 
itance to  all  members  of  the  class. 

Tbe  older  portion  of  the  genealogical  history  of  the  human  species 
leads  us  still  further  back  into  the  domain  of  the  lower  vertebrates, 
into  that  dark,  immeasurably  long  age  of  the  Paleozoic  era,  which 
with  its  uncounted  millions  of  jears  (according  to  recent  estimations, 
at  least  a  thousand)  was  certainly  much  longer  than  the  succeeding 
Mesozoic  age.  Mere  we  Hrst  come  u]H>n  tlie  imporlaut  fact  that  in  the 
earliest  portion  of  the  Paleozoic  jieriod,  in  the  Permian  age,  uo  mamtnala 
yet  existed,  but  instead  lung-breathiug  reptiles,  as  the  oldest  amnion 
animals.  They  belong  partly  to  the  TocosavrUi,  the  oldest  and  lowest 
grou|>  of  reptile^  partly  to  the  strange  TIteromera,  which  by  many 
characters  apitrniwh  the  mammals.  These  reptiles  are  preceded  in  the 
lower  Carboniferous  jieriod  by  true  amphibia,  such  as  the  armored 
Uleffocepkali,  Such  Oarboniferous  armored  amphibia,  like  small  croco- 
diles, are  the  oldest  vertebrates,  who  by  their  creeping  method  of  loco- 
motion adapted  themselves  to  the  firm  gronnd,  and  in  whom  the  tins  of 
animming  lisbes  and  the  paddles  of  swimming  amphibians  {Dipiieusta) 
had  been  modified  into  the  typical  five  fingered  extremity  of  a  four- 
limited  animal  [Tetriipoda  or  Qutuirupcda). 

We  only  need  to  compare  carefully  the  skeleton  of  the  four  legs  of 
onr  salamanders  and  frogs  with  the  bony  framework  of  our  own  foar 
limbs  to  convince  ourselves  that  with  these  amphibians  the  same  char- 
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M-->— .-'c  i.iii  !i~'-i  :..>-  <-:ru":im  iiml  ie-M«i  a»  tfary  banded  dovii 
t>'  .:  u-i-'-.i.jr*  -.'  u.  Ill*  •■iiari HMiCL  toti  M^Hnlia:  tkerc  i»  tbe 
titeUM^  '•:>  'i.i'jir  4::-  If  itiii  i«".'^i*  ^vrCtt.  zxxammt  wapie  boUov  bones 
]]  '  11*  I  -.•:f^  L-n  k.iii  i-i>:(te  k-£.  tu*  whim-  |w::  «ff  boaw  in  tb«  foreamt 
1.11  .■.•vr  !"£..  '  IK  •u.iir*  '-■II  Tui'-ir^  iiiuoL  ifT  bcBf»  m  tbe  vrist  aod 
u'  1  f.  Tu-  hi.iit*  --ni-fc-  icTLLrawfT  -t^  tif  ±uect«  aad  five  toea.  This 
K--  i  -.  £  i.jr'-'*-!!*^! '.  :i  t:-*-  tff^m.L'Jiix^  iif  liw  txny  fi  wmi  ■  <■  t  in  »ll  tlie 
i.  ;:ii»r  1  •!  ■  f  t  •'•»-.  I •"^''.iriiVf  •rmt-c  umir  Ui-io^tfU  obacrrera  more 
•Vui  t.  i-  :..L->iC  }v^*  1.47: :  k.itM<i£  •■TiMir».  n  'ttiA  onr  jxeatest  poet  and 
..  ;  i^;.  1- w.-;^. -.;,  ■!).,-»-  T^f iiiv>.k:>t*- ":f*ti~rk7xiTis od  tbe  morpbolt^y 
I.''  ^i.  v;^--  TLu:  T*  iLi.1  f  ■:-?ifj^  tut  dirwT  irMarsors  of  the  modern 

w>r  cik'-  .i  '.im''^  "-ii  T .  *'  n  cwLkiL  slfu  <rf  tW  decivMitMi  of  man  from 
\-j^  ■.■-^*--:  Hri.>^  ■•!  i*-:.:fcli»tTj  jT*  anij-tiibiaiis.  tbe  bet  that  we 
p■.>"*^*  K»-dar  '.ii.  v-iir  EaL'C  tve  ti.CTr~  ami  »fD  onr  foot  five  toes.  Man 
a'  ■;  v-'t<  •,T.u-it:r~  t-w  *;:  tifw  in  ti,;*  and  in  frtber  respects  that 
t;.r'.-j_'i.  '■>'*,'*Ti  iT.v*  ::-i«*r::4i'<-*  Tbey  bare  jitven-ved  tbe  original  plan 
if  K(r-i<  tcr^-a.-.-' L  nt'-r«-<'iM^jrii.^i:l:^vt-tiM-ii<;ijority  of  other  mammaU, 
**;<M-.-.;..  ".L*-  i;i.^.j1*^  A::j-:-l*  otiiers  tbe  one-toed  horse  on  the  one 
»io<-  a:-'l  t!-*  I»'  i«"r«i  r--::.:!^:.'?  on  ibe  other,  are  mncfa  more  modified 
a;;d  n\i^W..fJfl  ;i.a!i  are  ibe  i>r::iait«. 

Ttit^  olilt^t  a'j.ii.-.'y.^of  ihe  C;i!lKiiiif<eroas  period,  the  annored  Stego- 
ce[jii'ili  and  <f!>i*i-id?Iy  tiie  remarkalile  ISmnrhiotawria  discovered  by 
I'rfrdrivr  .  ar«  now  >)ai;e  jus;l,v  considered  by  all  discriminating  zoolo- 
^JKln  a"  tlie  uiii1<>li]i-«<1  <-viDUiori  ^tem  group  vheace  were  derived  all 
fourfoob-^l  dtiirijiilri  Ttfrifrffla  or  (fvadrvpfda).  all  amphibia  and  amni- 
Ota.  lint  wbat  was  Die  origin  nf  tliia  important  gronp  itself!  To  this 
<jiiei-iirHi  ai^i  tlie  great  advanifs  of  pala-ontology  afford  a  Ratisfactot; 
aiir^u'iT  wLii-b  Ijariuoui/eA  ei<«lleui)y  nitb  the  older  eolations  given  by 
MiiiJli:ii  iitive  aiiat'>iny  and  ontogeny.  Already  in  Jena,  forty-fonr  yeara 
if^it.  tli<;  tirst  master  of  comjiarative  anatomy,  Carl  Gegeubaar,  In  a 
m-ricit  (>r<-la-sii;al  essays,  jiointed  ont  that  the  most  important  parts  in 
till;  vei  tttlirali;  skelirtoii.  particularly  the  skall  and  the  bones  of  the 
liinlis,  rctveal  to  iih  today,  in  the  sacce»siou  of  classes  of  living  verte- 
brut4-N,  a  colieroiit  sirale  of  jihyletic  steps  of  development.  Apart  from 
tli<-  iiiori!  lowly  ort;anized  €yclontomntn  it  is  especially  tbe  tme  fisbes, 
iitk)  among  tbein  u^'aiii  tlie  primitive  fishes  or  Selachiam  (sharks  and 
niyH),  which  have  proved  most  constant  to  the  original  form  i>i  tbe 
cssi-Titial  rclulioiiH  of  tlieir  bodily  strnctnre.  To  the  Selackiana  are 
doscly  allied  tlm  gaTioids  or  enamel  Hsbes,  esi)ecially  the  Crottopterygii 
wblrb  take  im  f<irtbfir  back  to  the  DtpHevsta.  Among  these  last  the 
AiisMiiliaii  llsh  ('rmtodun  has  recently  become  of  great  interest,  its 
iiiialoiny  and  ontolofiy  baving  been  carefully  investigated  by  Giinther 
iviid  Srinon.  Ily  tbis  transition  group  of  Dipneuxta  or  ampbibions 
llnbi-K-  tluil  is  to  Hiiy,  llHlies  with  lungs,  hnt  also  with  fins,  with  penta- 

>ii'lylal»  limbs — is  the  niorpbulogiual  bridge  to  tbe  early  amphibians 
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eiisy  to  liud.  But  tbis  anatotuical  chain  corresponds  extu;tly  with  the 
paleontological  facts;  selachians  and  ganoiils  are  already  foimd  in  tlie 
Silurian  formatious,  dipueusta  in  the  Devonian,  aniphibiu  in  the  Car- 
boniferous, reptiles  in  the  Penuiau,  nmmmalia  in  the  Trias. 

These  are  historical  facta  of  the  first  rank.  They  attest  iu  the  most 
gratifying  manner  the  successive  steps  of  the  development  of  verte- 
brates, as  they  have  been  made  out  by  the  comparative  researches  of 
Ouvier  and  Meckel,  of  Johannes  Miiller  and  Gegeiibaur,  of  Owen,  Hux- 
ley, and  Flower.  The  historical  succession  of  the  principal  steps  in  the 
vertebrate  stock  is  thereby  definitely  established,  and  this  success  is 
much  more  important  for  an  understanding  of  the  human  family  tree 
than  if  we  had  succeeded  in  placing,  iu  a  hundred  fossil  skeletons  of 
lemnrs  and  apes,  the  entire  series  of  our  Tertiary  primate  ancestors  in 
coherent  succession  before  our  eyes. 

Much  more  difficult  and  dark  is  the  oldest  history  of  our  stock,  the 
derivation  of  a  vertebrate  stem  from  an  invertebrate  ancestry.  As 
none  of  these  possessed  any  hard  and  petrittable  parts  of  the  skeleton 
(resembling  in  this  respect  the  lowest  vertebrates,  the  cyelostomata  and 
acranlaj  the  evidence  of  paleontology  entirely  fails  an  here;  we  must 
rely  alone  upon  the  other  two  records  of  our  family  history,  upon  com- 
parative anatomy  and  ontogeny.  To  be  sure,  their  value  is  here  so 
great  in  many  respects  that  for  every  exiiort  and  discriminating  zoolo- 
gist they  throw  the  clearest  light  upon  muny  great  features  of  our  older 
phylogeny.  Of  the  greatest  value  are  these  far-reaching  inferences 
which  modern  comparative  ontogeny  has  drawn  during  the  la^t  thirty 
years  by  the  aid  of  the  fundamental  biogenetic  law.  Already  the  older 
embryology  has  made  clear  the  elements  of  vertebrate  development  by 
the  thorougli  work  of  Baer  and  of  Bischoff,  of  Kemak  and  KJilliker. 
Then,  in  1866,  came  the  important  discoveries  of  Kowalevsky,  which 
confirmed  the  suspicion  of  Goodsir  and  pointed  to  the  close  relation- 
ship of  vertebrates  and  tuuicates;  the  comparative  anatomy  of  Amphi- 
oxns  and  of  the  ascidians  has  since  that  time  been  the  constant  starting 
point  for  all  farther  investigations  concerning  our  invertebrate  prede- 
cessors. 

Five  years  investigation  of  the  structure  aud  development  of  the 
chalk-sponges  (t8<i7-l8T2)  had  led  me  at  that  time  to  a  reform  of  the 
theory  of  the  germinal  layers  aud  to  advance  the  gastrjfa  theory.  It 
first  appeared  in  1872  iu  my  monograph  on  the  chalk -sponges  or  Calei- 
spontjidfF.  These  views  obtained  the  most  earnest  support  and  the  most 
frnitfal  development  by  the  excellent  comparative  researches  of  many 
other  embryologists,  especially  tliose  of  E.  Kay-Lankeater  and  Francis 
Balfour,  as  well  as  those  of  the  brothers  Oscar  aud  Richard  Hertwig.  I 
had  already  then  concluded  from  these  comparative  researches  that  the 
first  step  of  development  in  all  Metazoa,  or  tissue-building  animals,  is 
essentially  the  same,  and  that  we  may  from  this  obtain  detiiiite  insight 
into  the  common  origin  and  the  older  ancestral  series  of  the  same.    The 
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nnk-ellnlar  ovum  repeats  the  onieellalar  conditioD  of  onr  protozoal 
aiM-f.-itor;'.  Tbe  blastnia  germ  form  eoTTvaponAa  to  a  Volrox  or  Mago- 
splurra.  a  similar  ancestral  f<wm:  the  Gattmia  is  the  inherited  repeti- 
tiou  of  the  (iantrn-a,  the  common  stem  form  of  the  entire  faeries  of 
Metazoa.  All  these  t; pic:al  ancestral  forms  man  shares  with  all  the 
otlier  Metazoa,  that  is  to  say  with  all  other  animals  except  the  oiiicelln- 
lar  Protozoa.  Erery  man,  witbont  exception,  begins  his  indiviiloftl 
existeiR-e  in  the  form  of  a  spherical  egg  cell,  barely  visible  to  tbe  naked 
eye.  as  a  very  small  dot,  and  tbe  special  characters  of  this  egg-cell  are 
exactly  the  same  in  man  as  in  alt  other  mammals. 

Tbe  most  obscnre  portion  of  the  genealogical  history  of  man  is  that 
part  which  lies  between  ilaslrtra  and  Amphutnu.  AmpbioxDs  itseIC 
that  famons  lani-elet.  or  lancet  animal,  whose  fundamental  significance 
bad  already  been  reco^ized  by  its  first  exact  deacriber,  tbe  great 
Johannes  >!ii  Her,  is  tbe  most  precious  docnment  ot  vertebrate  phytogeny. 
We  should  not  indeed  <-otisider  it  as  a  stem  ancestor  to  vertebrates,  but 
rather  as  a  near  relation  to  such,  and  as  a  unique  living  relic  of  tbe 
cla»is  of  acraiiia.  Bad  tbe  ampbioxus  accidentally  perished,  like  so 
many  other  links  in  our  ancestral  chain,  we  would  hardly  be  Id  a  posi- 
tion to  obtitin  any  satisfactory  insight  into  the  older  steps  that  led  to 
the  formation  of  vertebrates.  Above  ampbioxus  stand  its  near  relations, 
the  Cyrloxtomala  or  round- mouths.  These  are  tbe  oldest  Craniota  or 
sknlled  animals,  tlie  first  vertebrates  that  succeeded  in  obtaining  a 
skull  and  brain.  The:fe  VycliMitomala  (among  whom  tbe  well-known 
lamprey,  PetromgztiH.  belongs)  are,  at  tbe  same  time,  tbe  preeilnrian 
forerunners  of  fishes.  Below  amphioxus  we  find  that  tbe  agreement 
between  the  ontogeny  of  amphioxns  and  tbe  ascidians  points  to  an 
unknown  older  group  of  chorda  animals,  tbe  Prockordonta,  from  which 
have  devel<)[>e<i  on  tbe  one  hand  the  tanicates,  on  the  other  tbe  verte- 
brates. We  may  derive  these  prochordonia,  or  primitive  chorda  animals, 
from  the  Fronloni-i,  a  twig  of  the  Vermalia,  or  true  worms.  The  iso- 
lated liiilitnoijIoxMHii  and  the  old  \emertinii  are  probably  closely  related 
to  tliose.  There  certainly  existed,  in  the  Cambrian  and  Laarentian 
I)eriods.  between  these  worms  and  tbe  stem  group  of  the  Oaitretadn,  a 
ton};  series  of  tntermediitte  forms,  and  we  suppose  that  the  older  Rota- 
iotin  and  Turhrlliirin  belonged  in  this  series.  But  we  can  not  at  this 
time  form  any  welt-gronn<)ed  hypothesis  on  this  point,  and  there  is 
indeetl  here  a  wide  em|ity  si>aL'e  in  onr  genealogical  history. 

Bnt  contrasie<l  with  tliese  and  other  obscure  portions  of  onr  family 
history  stand  out  clearly  and  significantly  the  conclusions  which  the 
ricli  results  of  compamtive  anatomy,  ontogeny,  and  palwontolog;  have 
given  iu  the  investigation  of  the  vertebrate  stock,  and  especially  of  thi^ 
of  its  higlie."*    '  '  mammals.     All  reliable  leceut  researches  have 
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man  were  a  series  of  tertiary  primates,  and  the  next  nearest  were  the 
anthropoid  apea,  the  anthropomorphous  eatarrhines.  The  careful  oriti- 
cal  comparisons  which  the  two  iioologists,  Paul  and  Fritz  Sarasin,  have 
accomplished  iu  their  line  work.  Uesearchcs  in  Ceylon  (1893)  .shows 
that  the  Vwldahsof  to-day,  the  dwarSsh  aborigines  of  Ceylon,  approach 
nearest  to  the  anthropoid  apes  hi  the  primitive  relations  of  their  bodily 
structure,  and  that  among  the  latt«r  the  chimpanzee  on  the  one  side 
and  the  gorilla  on  the  other  stand  nearest  to  man.  The  gibbon  again, 
as  a  lower  and  less  specializeil  form,  showH  the  closest  agreement  with 
the  common  miocene  ancestors  of  all  the  Authropomorpha.  This  direct 
family  relationship  is  much  clearer  and  easier  to  settle  than  that  of  any 
other  mammal.  Far  more  obscure  and  enigmatical  is,  for  example,  that 
of  the  elephants,  the  sirenia,  the  cetacea,  the  edentates  (armadillos  and 
pangolins)  in  both  hemispheres.  Not  only  in  his  pentadactylate  hands 
and  feet,  bat  also  in  other  anatomical  features  does  man  show  the  charac- 
teristic inherited  features  of  his  stock  more  clearly  than  many  other 
mammals,  as.  for  example,  ungulates,  cetaceans,  and  bats. 

The  immeasurable  significance  which  this  secure  knowledge  of  the 
primate  origin  of  man  possesses  for  the  entire  range  of  human  science 
lies  clear  before  the  eyes  of  every  unprejudiced  and  logical  thinker. 
No  one  among  the  philosophers  has  more  thoroughly  based  his  authori- 
tative influence  upon  a  contemplation  of  the  entire  universe  than  has 
the  great  English  thinker  Uerhert  Spencer,  one  of  the  few  learned  men 
of  the  present  day  who  unites  the  most  profound  scientific  training 
with  the  deei)e8t  philosophical  speculation.  Spencer  belongs  t  >  those 
older  nature  philosophers  who  already  before  Darwin  recognize<)  in  the 
monistic  theory  of  evolution  the  magic  key  which  would  unlock  the 
riddle  of  the  world.  He  belongs  also  to  those  evolutionists  who  .justly 
lay  the  greatest  stress  upon  progressive  inheritance,  upon  the  "trans- 
mission of  aci|uired  characters.''  Like  myself,  S|>encer  has,  from  the 
beginning,  fought  in  the  most  n^soliite  manner  the  germ-plasm  theory  . 
of  WeisiLiuiii,  which  denies  the  most  important  factor  in  the  theory  of 
descent  and  wishes  to  explain  the  same  chiefly  through  the  omnipotence 
of  natural  selection. 

In  England  the  theory  of  Weismann  has  been  received  with  much 
approval,  and  is  also  known  as  neo- Darwin  ism.  in  opiwsition  to  older 
views  which  arc  known  as  neol^aniarckism.  This  designation  is 
entirely  incorrect,  for  Charles  Darwin  was  Just  as  firmly  convinced  of 
the  fundamental  significance  of  progressive  inheritance  as  was  his  great 
predeces-sor  Jean  Lamarck  and  as  is  Herbert  Spencer, 

I  had  three  times  the  pleasure  of  visiting  Uarwiu  at  Down,  and  each 
time  we  discussed  this  important  i]uestioii  upon  which  we  completely 
agreetl.  I  share  the  conviction  of  Herbert  Spencer  r hat  progressive 
inheritance  is  an  indisi>ensablc  factor  of  the  monistic  theory  of  evolu- 
tion ;ind  one  of  its  most  important  elements.  To  deny  it,  as  Weismann 
does,  is  to  fly  tu  mysticism,  and  it  is  better  to  accept  the  mysterioaB 
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ovkti.iii-  '.if  ".  ;ik!'k:t-  f.>^-it^.    Tht  gtmmas  of  man  mffmls  innumerable 

WTrf-;  w*-  T^i:«r-  Vit^  MOfiK*  <rf  tlte  $«nesis  of  man  from  the  uiost 
p«-HTV  p':iT  <•?  vifw.  h-.td  '-•nnff  tosclb^rall  the  empirical  ar^nments 
f  4- :i. 'bdi  v<- nirij  K.iT  i<t-dajr  wiib  imfert  jnstioe  that  tbedesceotof 
mk.i:  &<>a  Mn  fc:.!M-t  u-rdary  iiriBato  chain  i»  no  looker  a  va^ae 
liirj».:;K^:-w''--T  »:.  L.pi  -rn-al  facL  Satarallir  this factc^i  not  be  exactiy 
dt-mo'-snaiiE-'] :  Tc  <-jn\  ik>t  yw>iiil  ovt  the  innamersble  physical  and 
ch<-ii:i<.^  pixK«s-4«  Tijcb  ::.  the  e(>Dn«of  a  hondrMi  million  years  hare 
fcmioally  ItJ  nji  fr.--m  ibe  -iaipk-~t  DMMer  and  the  niii<-eUaIar  egg-forni 
til  ibe  £t>r:Il«  ai:-I  !•■  luati.  Bat  tbe  same  tbiog  is  true  of  all  other 
hi-Torii^  {»'-Xf-  Wf  a'A  Wliere  that  Linn^r-nB  and  La|>lace,  2(ewtoa, 
and  La:brr.  Ua']-i^:ii  »n<]  Aristotle  onee  lived,  although  this  can  not  be 
eii«tlTdrnioii>trai«i  in  Hit-  sense  of  modem  physical  science.  We 
firmly  Mieie  in  Tfaeexi-ifuceof  tbe^e  and  of  many  other  heroic  minds 
bec^n^  we  know  tbi^  Toik$  tht-y  have  left  behind,  and  because  we  see 
the  poTeiful  itiiioeiKV  tbey  have  had  upon  the  histwy  of  civilization. 
But  tb<-i*-  iudirei't  ar^ments  have  no  more  condasire  force  than  those 
wbi<h  »■*■  havf  j>ui  forward  for  the  vertebrate  history  of  man. 

Of  maiiyMes<<zMi<-atiimais  of  theJurassic  period  we  know  bat  a  single 
bone,  tbe  utxler  Jaw.  and  Ba\ley  has  very  finely  explained  the  cause  of 
this  iitntn^e  iibenomeuon.  We  all  consider  it  settled  that  these  animals 
had  also  ngiiHTJavsas  well  iiisotbcr  bones,  although  we  can  not  certainly 
demonstrate  iL  Yet  tbe  -exa^t  s<^'hool,''whicbconsiderfltbe  evolution 
of  H)>ecies  as  an  nn demonstrated  hy]>othesi8,  must  regard  the  tower  jaw 
as  the  only  bone  in  tbe  body  of  these  remarkable  animals. 

Let  us  now  in  conclusion  t»ke  a  hasty  glance  into  tbe  immediate 
futnre.  I  am  entirely  convinced  that  the  science  of  the  twentieth 
century  will  not  only  accept  onr  doctrine  of  development,  but  will  cele- 
brateitastbentost significant intellectualachievement  of  onrtime,for 
the  illuminating  beams  of  this  sun  have  scattered  the  heavy  clouds  of 
ignorance  and  snper^tition  which  hitherto  shrouded  in  impenetrable 
darkneRH  the  most  important  of  all  scientific  problems,  that  of  the 
origin  of  man,  of  bis  true  essence,  and  of  his  place  in  nature.  The 
incalcniable  influence  of  tbe  science  of  the  development  of  man  npon 
all  otiier  branches  of  science,  and  esiiecially  upon  culture,  will  bear  the 
most  blessed  fruits.  Tbe  great  work  which  was  in  onr  century  begun 
by  Lamarck  and  finislieil  by  Darwin  will  for  all  time  remain  oneof  the 
most  significant  acbievementa  of  the  human  mind,  and  tbe  monistic 
pbiloso|iby  which  we  found  npon  its  theory  of  evolution  will  not  only 
powerfully  further  tbe  perception  of  thetrntbsof  nature,  but  also  their 
practicnl  worth  in  the  service  of  the  beautiful  and  the  good.  This 
monism  is,  however,  based  upon  theempirical  data  furnished  by  modern 
pliylogenetic  zoology. 
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By  (-lapt.  G.  Ubymaud. 


It  would  aeem  tbat  wild  auimals  are  devoted  to  a  wandmiig  life,  and 
yet  a  careful  observation  of  their  habtts  shows  tliat  tlie  fields,  the 
woods,  the  plains,  and  the  air  are  quite  equitably  divided  auiougtliem, 
as  separate  districts.  Each  one  of  them  lives  within  a  domain  whose 
resources  be  uses  to  the  best  advantage,  and  where,  fearing  the  com- 
petition of  hiu  kind,  he  permits  only  a  limited  number  of  them  to  range. 
Thus  among  animals  property  is  uommnnal. 

The  extent  of  the  domain  varies,  moreover,  with  the  resources  which 
it  presents,  the  protection  which  it  offers  against  every  kind  of  danger, 
and  especially  according  to  the  animal's  power  of  locomotion. 

This  division  of  domain  is  in  sotnu  measure  a  necessity  of  existence. 
Every  animal  that,  by  reason  of  defective  instinct  or  for  any  other  rea- 
son, attempts  to  escape  from  it  is  (juickly  externiinateil  by  natural 
selection;  driven  off  by  his  comrades  with  whom  he  strives  for  daily 
food,  wandering  haphazard  in  an  unknown  territory  full  of  snares,  he 
beeomes  an  easy  prey  for  the  enemies  of  liis  species. 

The  instinct  of  orientation,  which  guides  an  animal  back  to  his  home, 
and  consetgnently  his  habits,  bis  fooil,  his  protection  against  danger, 
plays  a  prominent  part  in  his  life.  To  it  lie  owes  liis  individuality,  tbe 
memory  which  attaches  him  to  the  past,  and,  up  to  <i  certaiu  [Kiint,  the 
satisfaction  of  his  needs  in  the  present. 

We  propose  to  study  tbe  mechanism  of  this  orientation  among  ani- 
mals. As  the  principal  object  of  our  study,  we  have  diosen  tbb  carrier 
pigeon.  A  great  number  of  facts  observed  by  ns  for  the  tirst  time  have 
been  grouped  and  classified.  We  have  deduced,  if  not  tbe  law  that 
controls,  at  least  a  theory  that  accounts  for  them.  This  theory  we  will 
DOW  explain.  All  of  its  propositions  ni-e  foandeil  upon  tacts  rigorously 
and  scrupulously  established  or  on  experiments  easy  to  reproduce. 

I. 

Jnst  as  occarrences  seemingly  casual,  such  as  the  distribution  of  bul- 
lets in  a  target,  arc  subject  to  laws  of  which  science  has  given  us  the 

I  TrnnBlatrd  Iroiii  tlie  Rcviio  ilea  Denx  Moiidea,  Vol.  CXLVI,  pp.  3«0-402.         \q 
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secret,  ao  in  the  capriciooB  flight  of  a  bird  or  the  vandering  coarse  o(  a 
wild  animal  chance  has,  as  we  believe,  no  part. 

Tho  motive  which  determines  the  actiouB  of  the  animal  i»  the  instinct 
of  preservation  of  the  individual  and  of  the  species.  The  animal  19 
capable  of  a  siioiitaueoue  activity  when  he  is  roDsed  by  necessity ;  it  is 
very  seldom  that  he  performs  an  act  that  faa»  no  immediately  nseful 
end.  Initiative'  is  not  within  hia  power,  and  when,  in  ants  or  bees,  we 
think  we  have  observed  forethonght  for  the  fntnre,  we  soon  see  that 
this  snpi>osed  provision  is  nothing  more  than  ot>edience  to  the  momen- 
tary call  of  instinct:  the  animal  accomplishes  an  action  withoat  fore- 
seeing the  result. 

The  search  for  food  and  sleep  are  the  two  poles  between  which  the 
existence  of  an  animal  constantly  gravitates.  If,  to  utiliiie  the  resources 
of  his  domain,  he  is  obliged  to  vary  bis  coarse  daily,  the  periodic  need 
for  rest  yet  brings  him  back  to  the  same  qnarters.  The  lat^k  of  initi- 
ative Iea<l8  him  to  always  follow  the  same  road  to  return  to  the  same 
point.  This  is  why  the  animal  on  his  domain  makes  a  number  of  traits 
which  are  interwoven  in  every  direction;  be  acquires  iuthis  way  a  very 
complete  knowledge  of  the  locality;  in  the  region  where  every  little 
irregularity  is  familiar  to  him  he  is  ready  to  move  in  every  direction. 

Kecessity  may  force  the  inhabitant  of  one  region  to  overstep  its  limits, 
in  time  of  drought  or  famine,  for  example.  Then  he  makes  a  rajtid 
incursion  into  the  neighboring  territory,  delays  not  a  niomeot,  but  a» 
soon  as  he  has  queoclied  his  thirst  or  appeased  his  hunger  returns  in 
all  haste  to  his  home.  lu  this  second  region,  seldom  fully  explored, 
the  animal  knows  but  a  limited  number  of  trails,  usually  straight  ones. 
If  he  is  surprised  there  by  a  danger  of  any  kind,  he  is  much  more 
exposed  than  iu  bis  own  territory. 

One  example  will  show  plainly  the  essential  dirt'ereoce  existing 
between  these  two  zones.  When  a  stag  is  attacked  iu  his  own  domain 
by  hunters,  ho  begins  by  doubling,  makes  a  thousand  turns,  and  for  a 
time  throws  bis  adversaries  off  the  trac^k.  Soon  again  discovered,  he 
sets  out  anew;  pursued  from  shelter  to  shelter  ho  finally  "gets  away" 
and  plunges  into  the  second  zone,  where  the  trails  are  straight.  The 
chase  then  changes  its  character,  aud  takes  on  a  rapid  x'ace  which  it 
did  not  have  in  its  first  phase. 

The  Htag  soon  reaches  the  limits  of  the  kuown  territory  and  tries  to 
return  ou  his  tracks  and  regain  his  own  domain.  Constantly  driven 
back,  pressed  closely  by  the  dogs,  he  again  sets  out,  crosses  the  second 
zone,  and  then,  entering  the  unknown  territory,  he  is  "off,"  running 
straight  forward  until  he  falls. 

ft  is  interesting  to  sec  how  a  stag  acts  who  has  been  carried  some 
distance  in  a  cage  and  then  set  at  liberty  before  a  hunting  |>arty  to  be 
chased.    The  animal,  cast  on  an  nnkuown  ground,  d^ies  not  try  to 

'  An  nnliiiiil  Li  by  iintitii;  ^i  nliivi-  In  riniti..";  wlini  Biirpriiwd  li\  tlio  hiiDtcr  lio  (I014 
mit  invfiil.  a  jilaii  ol' (light,  but  iimki-H  iihu  oJ  trailn  over  whiob  he  formttrly 
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doable,  bat  springs  before  the  Hogs  and  ia  off  itn  mediately.  The  chase 
presents  none  of  the  evolutions  which  we  described  above ;  it  is  DOthing 
but  a  raee  between  the  herbivorous  animal,  who  has  ou  his  side  speed, 
and  tbe  carnivorous  animal,  who  has  endurance.  From  thecondition  of 
the  animal  and  the  speed  of  the  banting  party  one  can  determine  before- 
hand the  tlnration  of  the  chase.  We  will  not  dwell  longer  ou  these 
facts  t«o  well  known  to  hunters.  It  is,  in  fact,  suflicieut  to  go  thiougb 
a  wooil  iu  Sologne,  or  in  any  other  country  alwanding  in  game,  to  be 
coDvinced  that  the  groand  is  traverseil  in  every  direction  l»y  trails 
which  do  not  escape  tbe  exjierienced  eyes  of  the  ]>oacher. 

Birds  also  follow  through  the  air  roads  invisible  to  our  eyes,  but 
which  can  be  revealed  by  observation.  The  bird,  like  the  i|Uiulru|ie(], 
contracts  tbe  faabitof  always  returning  to  the  same  point  by  the  tiame 
roate.  We  have  watched  for  some  time  a  group  of  pigeons  that  returned 
every  day  to  the  fields  at  the  same  time,  lu  going,  as  in  coming,  they 
nndeviatingly  followed  a  line  which  we  had  marked  oat  on  the  neigh- 
boring ground.  We  bave  obKerved  the  same  regularity  of  route  in  the 
coming  and  going  of  two  binls  of  prey. 

The  peasants  know  very  exactly  the  points  which  mark  the  coarse  of 
the  migrations  of  birds,  and  turn  this  knowledge  to  account  by  htint- 
iog  during  certain  seasons. 

Similar  observations  have  been  made  ou  fishes  in  tbe  sea  as  well  as 
in  rivers,  and  the  very  exac^t  information  obtained  is  put  to  a  daily  use 
by  fishermen. 

We  will  not  pnt  further  stress  ou  an  array  of  facts  long  since  observed 
and  known.  We  will  limit  ourselves  to  deducing  from  tbein  it  primary 
conclusion.  In  the  air,  on  litnd,  or  in  the  water  all  animals  follow  routes 
definitely  determined ;  their  movements  seem,  therefore,  to  be  subject  to 
other  laws  than  those  of  caprice  or  chance. 

II. 

The  actions  of  animals  are  all  dictated  by  a  single  law,  which  each 
one  of  them  obeys  iu  a  different  way.  The  animal  is  controlled  by  his 
environment.  If  he  finds  around  his  home  an  abundance  of  the  neces- 
sities  of  life,  he  moves  about  but  little  and  his  existence  is  passed  in  a 
very  restricted  domain.  In  the  opposite  case  he  lives  a  very  a<^tive 
bfe,  traversing  his  domain  unceasingly,  extending  its  hniits  as  far  iw 
possible  and  sometimes  going  beyond  them.  I^ach  animal  is  thus  led 
to  contract  habits  which  become  peculiar  to  him  and  which  constitute 
his  individuality.  Be  obeys  the  call  of  instinct,  but  he  seems  to  have 
the  choice  of  the  means  of  execution,  a  certain  liberty,  while  he  is  sim- 
ply under  the  inflnenee  of  his  surroundings.  It  is  necessary  to  bear 
this  in  mind  before  fixing  those  general  laws  to  which  the  movements 
of  tbe  individuals  of  each  species  are  subject, 

It  is  a  fact  known  by  ex)ieriment  for  some  time  that  an  animal  mov- 
ing about  in  a  territory  familiar  to  bim  is  guided  in  finding  his  way  bacL-, 
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to  bis  borne  by  all  five  oeaae-s  working  together.  Always,  in  e\aj 
sp«cieti,  one  or  the  seua^*  U  more  developed  tban  the  rest,  aod  tbecefon 
plays  a  more  jiromineDt  part  id  the  act  of  orieDtation— sight  for  tbe 
bird.  sceDt  tor  tbe  dog.  etc. 

ir  orieDtatiou  within  restricted  limits  is  easfly  explained  by  tbe  emn- 
bioed  play  of  the  live  seDdes,  it  is  not  bo  as  re^ianls  <»ieDtatioD  in  an 
Qiiknown  and  disttuit  territoTj.  Let  ns  cite  an  example:  In  order  to  low 
a  cat  yoa  put  him  in  a  bag  and  carry  him  by  railroad  a  distance  of  8l) 
kiloiucters.  Set  at  liberty  he  remms  to  his  hwne.  Tboagb  bis  aglit 
and  his  lot-al  knowledge  gnided  him  constantly  back  to  bis  home  after 
his  daily  wanderiH<rs.  he  yet  will  not  know  how  to  make  tbe  --^ame  nse 
of  them  on  this  •tci';v>ion.  His  sight,  were  it  excellent,  could  not  be* 
great  help  to  hitn,  :ts  tlie  slightest  obstacle,  tbe  moat  insignificant  ri£c 
in  thegmnnd.  woald  be  sutticient  to  hide  the  familiar  landscape.  Is  it 
theit.  bJ!'  sense  of  smell  Iliat  gnides  bin !  In  this  case  precaations  seen 
to  have  been  ntrefally  taken  to  pnt  this  sense  at  fault.  One  fact.hov- 
ever.  remains — we  are  going  to  try  to  explain  it — tbe  cat  has  eaeit; 
retanied  to  his  home. 

l.et  lis  lake  another  example:  Tbe  pi^^eon  fanciers  of  Bmssels  every 
year  let  loiv-«  pigeon.^  at  Bordeans.  In  preparation  for  this  they  make 
three  saccessive  releas«rj,  at  incre-.ksing  distances,  between  Bmssels  aad 
Orleans.  ot>use<)aently  towards  Bonleaax.  then  aftn*  tbe  release  effected 
at  Orleans.  wiiUwit  further  [>re(karatiou.  the  pigeons  aic  set  at  liberty 
at  Bonleanx  ;tiid  they  return  to  Etosj^Is.  Can  we  attribute  tbeir  refnni 
to  a  memory'  of  the  inciiliry,  to  a  pien-in^  vision !  Let  ns  admit  that  in 
the  three  preparatory  ifigbis  the  piiieoos  may  hare  remarked  certain 
prvtminent  htndm^trk'^  between  Brussels  and  Orleans.  At  the  time  wbeo 
they  were  let  I'KK^  at  Eonieanx.  the  elevation  of  the  land,  the  rotundity 
of  tbe  tarth.  set  liuiitJi  t«>  thrir  vision,  however  piercing  it  bright  be. 
To  see  Orieacs  irxia  lk>r\teaas  tbe  pigeon  would  have  to  rise  several 
k;K>n.eiers  ai"*ve  the  e.irth.  which  wiiuM  be  physically  im]M)esible.- 

I.e;  us c::e another  lase:  S.*;'.:ep;.:e>>n5  betoogingtoa  pigeon  fender 
in  Orleans  bud  navel*-*!  in  :tied:nxI:onof  Keims.  Some  one  conceived 
the  iiica  of  r*;e.4s;::g  :I:eai  ,""'  k:'..'a!eters  *Hit  to  sea  beyond  Xantes. 
w::!:<.v:t  a:ty  ;>re:vira;:r>".  ;t::d  iLey  almost  all  returned.  In  this 
ex.in>:''.e.  as  in  :L.ot?e  p:v\-eti;r.^.  iL»?  retam  can  not  be  exfdaioed  by  tbe 
working  ot'  a;:y  one  of  :l:e  ive  senses.  It  is  tbereftwe  necessary  to 
at-fcCwtetiiTcthe  :=;ervrn::''=of  .niisrincionran  serving  for  orientatioa 
trom  a  dist.u.ce.  :?:ut.'e  tie  :-".:;.::  ex;s:--<  we  are  mit  illogical  in  snp^ 
[x>s;::g  ;'.;.»;  tLerv  :s.  cvrres;  v.:ihr.g  :o  ;La;  fur:ct:v'u.  am  organ  which  we 
wi::  rail  tile  serse  ■'!  -llro  ::.>r., 

We  :'.-.cre:V>re  *',:u::  ;"-:.i:i»r.e:. :.•:>;:  ue..r  at  hj;d  is  easily  explained 
as  :i;e  use  (*:':'..e  dve  s*f.se^,  a.-vi  ;1  .it  ■'-  c-.tati.n  ft\>iii  a  distance  t««t8 
^  >'.v  or.  :ne  wrtT-k:- ,;  ,  f  *  s:\:".;  >« -,  *e. 
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It  has  been  objected  that  orieatatioii  train  a  distance  or  near  at  hand 
is  always  the  same  act,  and  that  it  i»  illogical,  contrary  to  the  estab- 
lished order  of  things,  to  see  the  same  functions  carried  on  by  two  dis- 
tinct organs.  But  this  objection  is  not  well  taken.  It  is  qnite  frequent 
to  see  in  nature  the  same  function  accomplislied  by  very  different  orffans. 

The  strawberry,  for  instance,  is  reproduced  by  means  of  the  seeds 
formed  by  the  foundation  of  the  Hower.  It  is  also  reproduced  by  means 
of  runners  that  grow  oot  from  the  plant,  take  root  in  their  turn  and 
abandon  the  fragile  thread  that  holdt)  them  to  the  mother  plant.'  Close 
observation  will  enable  as  t«  cite  many  examples  of  the  same  sort.  The 
hypothesis  that  a  s)>ecial  sense  comes  in  to  take  the  place  of  the  fire 
original  senses,  whose  range  is  limited,  has  in  it  nothing  illogical. 

nr. 

We  will  now  study  a  number  of  interesting  cases,  seeking  to  deduce 
from  them  the  mechanism  of  orientation  from  a  distance. 

First.  During  a  hunt  with  greyhounds  that  took  plave  in  the  forest 
of  Orleans,  a  stag,  not  the  animal  hunted,  was  followed  by  some  dogs; 
cornered  in  an  angle  of  the  forest  he  "went  away;"  the  master  of  the 
hunt,  seeiug  the  mistake  made,  recalled  his  dogs  and  set  them  on  the 
right  track.  But  a  jwacber  who  had  seen  the  stag  leave  the  forest 
noted  exactly  the  place  where  he  passed  out  and  lay  in  wait  for  him, 
feeling  certain  that  the  animal  when  he  no  longer  thought  himself 
threatened  would  return,  by  the  next  morning  at  the  latest,  and  over 
exactly  the  same  path  by  which  be  had  made  his  exit.  The  result 
proved  him  right.  The  poacher  had  made  use  of  the  fact  well  known  to 
the  charcoal  burners  who  live  in  the  forest  of  Urleiiiis.  The^tags  and 
roebuck,  finding  almost  everything  they  need  for  food  in  the  forest, 
almost  never  leave  it.  When  for  any  reason  whatever  they  go  out  into 
the  ailjoiniug  land  they  follow  in  return  the  same  road  they  used  in 
going. 

The  art  of  setting  snares  is  founded  on  this  observation.  The  snare 
prepared  in  the  woods  ut  a  point  presumably  on  the  track  of  an  animal, 
or  oven  exactly  at  the  spot  where  the  animal  has  passed,  does  not 
necessarily  entrap  him.  He  wanders  throughout  the  whole  extent  of 
his  domain,  often  leaving  one  track  to  try  new  ones;  while  an  animal 
which  has  ventured  into  strange  territory  will  surely  return  shortly  and 
piiss  at  the  same  point  at  which  he  went  out.  If  the  snare  be  set  at  a 
point  where  his  departure  was  observed  be  will  suieiy  be  taken. 

Second.  The  horse  which  passes  twenty-two  or  twenty  hours  every 
day  in  the  stable  in  semi-obscurity,  his  nose  against  the  wall,  can  not 
beendowed  with  much  instinct.  All  voluntary  action  is  forbidden  liim, 
since  he  can  only  act  in  obedieni^e  to  his  master.  His  instinct  is,  if  not 
atrophied,  at  least  exceedingly  diminished. 

The  stable  is  a  i>ermanent  center  of  attraction  to  the  horse,  who  finds 

'  The  plaut-louiH)  liuH  lilso  Hoverikl  melhcxlii  of  reproductimi. 
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suflicieiitly  proven  iuid  let  ns  makti  ime  of  it  tii  explain  cttrtiiiu  facts, 
iuexplitrable  by  any  other  means.  Let  us  imagine  that  we  are  preaeut 
at  a  release  of  pigeons.  Many  hundreds  of  birds  eoiiiiug  from  cot«s  in 
the  same  region  are  set  at  liberty  at  the  same  time.  They  set  out 
together,  Kepiirate  to  travel  in  two  or  three  groups.  Then  as  soon  as 
they  reach  the  horizon  to  which  they  are  accnstonied  each  flies  straight 
to  its  owD  home. 

A  certain  nnmber  of  pigeons  do  not  return,  others  come  in  on  the 
following  days.  The  owner  merely  registers  rhe  losses  and  notea  the 
tardy  ones  without  trying  to  discovei-  the  cause  of  the  failore  in  instinct. 
In  truth,  how  can  we  ask  for  the  secret  of  a  bird  which,  with  one  stroke 
of  its  wing  disappears  from  oar  view.  Its  instinct  is  at  fault;  the  bird 
must  then  wander  iit  will,  counting  on  chance  to  find  its  way  home. 

We  can  uotagree  to  this  proposition  for  the  following  reasons:  The 
bird  that  has  gone  astray  through  a  defect  of  instinct  is  still,  neverthe- 
less, not  beyond  the  control  of  that  general  law  of  self-preservatioD 
which  gniiles  all  its  actions.  On  the  contrary,  it  feels  strongly  the  call 
of  instinct  which  incites  it  to  return  to  its  own  cote.  It  sees  clearly 
the  end,  but  the  means  of  attaining  it  are  for  the  momeut  at  fault.  It 
displays  then  all  the  voluntary  activity  of  which  it  is  capable,  trying 
path  after  path  successively.  The  law  of  retracement  will  permit  us  to 
follow  it  in  its  wandering  course  and  to  retrace  its  journey.  When  we' 
have  found  out  the  secret  of  the  lost  pigeon  we  shall  realize  again  that 
chance  plays  a  very  small  purt  in  the  decisions  of  animals. 

In  1896  we  were  present  at  Orleans  when  a  nnmber  of  pigeons  from 
the  cotes  at  Muns  and  Charleroi  were  released.  The  two  bands  of  pig- 
eons having  by  chance  been  set  free  at  the  same  time,  at  two  different 
points  in  the  freight  station,  joined  each  other  in  the  air  and  formed  at 
their  departure  a  single  group.  The  weather  was  extremely  unfavor- 
able. Fog,  rain,  and  contrary  wind  contributed  to  delay  tbe  return  of 
the  winged  voyagers.  One  first  mistake  in  instinct,  easy  to  explain, 
was  niaile  at  the  outset.  Two  pigeons  fVom  Uons  were  taken  in  at 
Charleroi  and  three  from  Cbarlerot  were  received  at  Mons.  Besides 
about  forty  pigeons  did  not  return  home  on  tbe  evening  of  their  release. 
Theyhad,  however,  left  Orleans  together.  Thebirdswhicti  first  returned 
had  pointed  out  to  their  companions  the  proper  road  and  some  of  the 
latter  had  followe*!  their  guides  blindly,  even  so  far  as  to  enter  strange 
CO  tea. 

But  in  Orleans  an  observer  remarked  that  between  3  o'clock  in  the 
afternoon  and  7  in  the  evening  about  thirty  pigeons  flew  up  and  rested 
on  the  roof  of  the  station.  When  night  came  we  succeeded  in  captur- 
ing nine;  five  were  from  Charleroi  and  four  from  Mons.  They  were 
again  set  at  liberty.  This  observation  leads  us  to  suppose  that  the 
thirty-two  pigeons  that  returned  to  Orleans  bad  all  gone  astray  from 
the  group  released  that  morning.  The  next  morning  between  6  and  7 
o'clock  they  all  disapiieare«l  one  alter  auother  toward  the  northj  about 
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Uiiny  Uu'  I-(ft.^^l^  «*-r<-  uot^n]  ai  Cbuietvi  aud  at  Mods  od  the  aaxtt 
day.  Tlitff^  ^iiiu^>  «id  <iuiuiu^  are  all  tuttarally  exf^ained  by  tbelaw 
of  retntc^tnwuu  i^nr  viu^^ed  travelers,  aJlbougfa  they  formed  a  sin^ 
baud  Hi  tLeirde|<anure  from  Orleuift.«kpabtle8s  soon  broke  op  iutoser 
er&l  groups:  we  Lave  ah-eady  obsej^ed  that  it  was  oecessary  for  then 
to  battie  against  roa^b  v«at4ier.  Now  the  catrter  ptfeons  are  uot  all 
in  tbis  re>'i>e(-l  e<]aally  jtnividt^i.  Tbe  little  pigeon  of  Liege  flies  vitli  i 
extn«tnlibary  swift  ness  in  ordinary  ireatber.  The  fiill-plamed  pigeoBS 
of  Autweni,  endowed  with  considerable  uoBCtUw  strength,  while  they 
cauuoi  vie  wiiL  tbe  Lii-^<-  iiigeous  in  ordinary  weather,  can,  however. 
battle  with  a  i^troug  wind.  It  is  then  quite  natural  that  oar  pigeons  of 
difilereiit  jKiwers  startiuj:  ont  tiigeth«-  shonid  divide  np  alotig  the  roots 
acc-ordiug  t«i  tLeir  <-oin;ianitive  strength.  A  pigeon  from  Mods,  fiiidio^ 
biiuh.eU'iu  the  midst  of  a  liand  of  biidii  seeking  Ghartoxti,  foUows  then 
to  tbeir  deMiuarion;  thin,  haviiig  eeeu  them  scatter  to  their  different 
homes  be  remains  aloue.  loi^t  ou  the  roofs  of  a  strange  city.  Modb  i^ 
Dot  far  distant  from  t'harleroi  and  the  lost  one  need  only  rise  into  tb« 
air  to  see  liis  own  home.  But  he  does  not  do  so,  for  he  has  in  previoaa 
journeys  bei^'mtr  aevusComed  to  nsiu^  only  the  sense  of  directioii  to  find 
bis  way  borne  from  a  distance:  it  nev^  occurs  to  bim  to  nae  his  tueose 
of  l^i^'lIt.  lietracing  ibe  road  taken  to  reacb  Cbarierot,  he  flies  to  tb« 
point  in  Orleans  where  be  was  set  at  liberty  in  the  morning.  Tired  by 
the  lon^  journey  be  bas  made  be  rests  for  one  night.  The  uest  mora 
ing  be  gets  bis  Iteariugs.  finally  tiuds  the  reverse  of  the  joaroey  taken 
two  days  before  by  the  railroad  and  returns  to  Mous.  The  thirty-two 
pifjeoos  wLo  returned  to  Orleans  on  tbeeveniugoftheirreleaseaDd  the 
nest  day  disa|ij)eartd  bad  very  probably  gone  through  vi  exi>erienoe 
similar  to  ibis. 

Tbe  exaiii]ile  we  have  Jnst  cited  is  t.'ertunly  very  interesting.  We 
have  establi.-lied  our  ]K>sition  with  facts,  and.  when  facts  were  lacking, 
«itb  sini]de  conjectures  in  order  to  explain  tlie  goings  and  comings  of 
tbe  iii^eous.  We  ba\'e  therefore  in  onr  <-oncluBion,  if  not  certitude,  at 
least  {ovat  iirobability.  But  we  will  now  give  a  few  cases  more  con- 
elusive  than  tbe  first. 

A  pigeon  belonpng  to  a  fancier  id  Graod-ConroDoe  fell  into  the  gar- 
den of  General  M ,  at  Evrens.     On  tbe  same  day  we  had  to  go  to 

Uoueu.  WeI(X)k  tlie  lost  i>t»eon  with  us  and  set  him  free  in  the  station  at 
Grand-C^iuronnc,  near  his  own  ootc.  Tbe  pigeon  took  his  bearings  and 
flew  ofl'  to  fivreus,  to  tbe  hoase  of  General  M — ^.  Again  captured  he 
was  this  time  sent  ba^-k  to  his  owner  by  i>ost.  When  released  at  bis 
cote  he  bo  longer  tried  to  return  to  l-Ivrenx.    The  pigeon,  stopping  to 

rest  a  miunte  and  eat  near  tbe  house  of  General  M ,  did  not  for  an 

iuHtant  tbiuk  of  tlii.s  unknown  bouse  as  a  new  home.  It  meant  for  him 
only  a  |>oirit  in  tbe  journey  jirevionsly  made  and  to  be  therefore  the 
[Mjiut  of  departure  fui-  bis  furtber  flight,     .\iter  some  hours  of  test  be 
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wouitl  bave  left  tu  return  »guiii  over  the  aeriul  patli  wliiisb  Lad  bruugbt 
liiiD  to  ftvreux.     He  only  thoaght  of  fluiliog  Uia  lost  i;ote. 

We  carried  liim  to  (Jraud-Oouronne  and  set  him  free  a  tew  steps  from 
his  cote.  But  the  sense  of  orieutalion  from  a  distuiice,  tbe  sixtb  seuse, 
was  actiug  almout  to  tbe  exelusiou  of  the  other  live.  The  bird  made 
Ills  way  baijk  again,  passed,  as  if  bypnotized,  in  sight  of  his  home — with- 
out seeing  it,'  and  reached  H^vreux  the  point  in  the  itinerary  which  he 
sought  to  reestablish. 

U  is  calculation  was  foiled,  when  led  to  the  borne  of  hia  owner  and  set 
at  liberty  he  then  knew  where  be  was.  The  live  senses,  reawakened 
by  stronger  stimuli,  rose  supreme,  and  the  sixth  sense,  baving  become 
useless,  refused  to  act. 

There  is  at  Orleans  a  depot  for  pigeons  where  the  birds  are  kept 
indoors.  The  pigeons  which  are  shut  in  here  and  which  come  from  the 
cotes  of  I'aris  and  tbe  north,  live  in  a  semt-obscurity  and  in  absolute 
ignorance  of  what  passesoutside.  When,  after  a  month  or  two  of  confine- 
ment, they  are  to  be  released,  tbe  precaution  is  taken  to  carry  them  some 
miles  from  this  transitory  home,  to  which,  moreover,  no  pleasant  mem- 
ory can  attract  them.  We  have  ascertained  that  very  often  tbe  pigeons 
know  bow  to  return  to  this  house  to  which  they  do  not  even  know  tbe 
approaches.  They  come  and  rest  on  tbe  roof,  then  after  a  very  brief 
stay,  take  their  bearings  and  disapi>eur  on  the  way  back  to  tbeir  own 
home. 

The  law  of  retracement  enables  us  to  explain  the  action.  Taken  to 
the  station  of  Aubrais,  for  instance,  and  released  there,  he  will  retrace 
his  way  iind  come  to  hover  over  the  depot  which  represents  for  bim  the 
terminus  of  the  road  by  which  he  was  brought  to  Orleans.  It  i»,  then, 
from  there  that  he  will  depart  to  reverse  that  journey  whose  memory 
has  remained  deeply  graven  on  his  mind. 

We  might  cite  a  great  many  examples  of  the  same  sort  to  show  tliat 
a  lost  pigeon  always  returns  to  tbe  {loint  where  it  was  released.  To 
convince  ourselves  of  this  it  is  suJhcient  to  glance  at  tbe  roofs  of  the 
stations  of  I'aris,  Orleans,  Hlois,  Tours,  Poitiers,  Bordeaux,  etc., 
where  every  Sunday,  in  good  weather,  hundreds,  and  sometimes  thou- 
sands, of  pigeons  are  set  free.  On  Monday  numbers  of  pigeons,  lost  the 
daybefore,  return  here.  Havingbeenunsuccessfnlin  tbeir  first  attempt 
to  return  to  tbeir  homes,  tbey  will  make  a  second  and  even  a  third 
attempt  to  find  the  right  road. 

When  set  free  the  day  before,  the  pigeon  took  his  fiigbt,  he  flew  its 
fast  as  possible  from  the  place  where  be  was  released,  a  spot  to  which 

'  Ifsiijlit  ia  th«  principal  lueiiua  for  orieutittioii  for  tlio  pigeon,  thuitt;  living  in  tlio 
ootesiif  tlie  (irenello  quarter  itiuat  be  particularly  favored  since  thebnlUlingof  tbe 
Eift'd  tower.  This  is  a  prominent  Undmarli  easily  seen  witliiu  a  railiiia  of  L>00  kilo- 
uielers  arouiiil  Paris,  lint  upon  iur|uiry  wo  linil  the  iwrcentago  of  loB»e»  anfferad 
diirtuf;  tlie  training'  seaaon  fl'om  tbe  pigeon  farmH  aruiiiitl  tho  Champ  ile  Mara  is 
exactly  the  auioe  to-day  as  bufore  the  conat ruction  of  tho  ton  er. 
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I  joiiniey,  is  for  aiiy  rousoii  not  present  at  tbe  ^(^paituie  of  his  rum- 
.>auioiiH,  be  does  uot  gu  awny.  This  is  why  woodcocks,  woiiudetl,  aud 
^usequfliitly  unfit  to  undertake  a  long  journey,  resign  tbemselven  to 
i^tiiaiuiiig  in  oar  coaotry  another  year.  The  name  thing  has  been 
noticed  of  plovers,  of  carlews,  of  storks,  and  of  swallows  held  in  cap- 
tivity at  the  time  of  the  departure  of  their  companions.  Some  of  these 
birds  endure  the  inclemencies  of  the  winter  climate;  others,  especially 
the  swallows,  succumb  to  tbem. 

Thus,  then,  it  is  by  means  of  a  sort  of  tradition  that  tbe  migratory 
birds  transmit  to  each  other  from  generation  to  generation  the  knowl- 
edge of  the  airy  paths  they  follow.  These  paths  once  laid  out  are 
unchangeable. 

Tbe  path  of  the  quail  that  come  to  Provence  from  Africa,  or  of  the 
woodcocks  that  alight  in  Jersey,  is  well  kuown  to  the  peasants,  who 
capture  them  by  thousands.  To  baffle  their  enemies  it  would  be  suffi- 
cient fur  tbe  poor  birds  to  change  their  path  only  a  few  kilometers. 
But  they  can  not  do  it;  they  are  fatally  bound  to  this  aerial  route  fol- 
lowed in  their  last  Journey,  and  they  cau  not  deviate  from  it  or  they 
will  be  lost. 

Like  other  animals,  fish  also  are  distrii^ted;  certain  of  them  have, 
like  migratory  birds,  two  or  three  dominions  which  they  successively 
occupy.  To  go  ft'om  one  to  tbe  other  they  emigrate  en  masse,  following 
routes  subject  to  tlie  same  rules  as  those  we  have  explained  for  tbe 
migration  of  birds.  The  desperate  war  waged  against  them  by  lishers 
who  know  tbeir  habits  has  never  decided  tbem  to  change  their  route. 

Oar  tbeory  of  orientation  seems  tberefore  applicable  to  animals  of 
every  species;  it  enables  us  to  arrange  properly  atid  satisfactorily  a 
iiHinbcr  of  facts  observed  and  knowu  for  some  time. 


We  have  demonstratei:!  that  the  combined  play  of  the  five  senses, 
wbOHc  range  is  limited,  is  not  sufficient  to  explain  orientation  from  a 
distanie.  This  faculty  is  governed  by  a  distinct  organ,  which  we  have 
called  the  sense  of  direction.  The  sense  has  its  seat  in  the  semictrcalar 
canals  of  the  ear.  Numerous  experiments  have,  in  fact,  proved  that 
any  lesion  which  injures  this  organ  results  in  immediate  impairment  of 
tlie  faculty  of  orientation  in.  the  patient. 

The  semicircular  citnals  of  vertebrates  are  formed  of  three  little 
membranous  passages  filled  with  a  fluid  calle<1  endolymph.  They  are 
inde))eMdent  of  one  another  except  at  one  point,  where  tbey  have  a' 
common  cavity,  4nd  open  into  a  little  sac  called  the  utricle.  Tbey  are 
situated,  generally  speaking,  iu  three  mutually  perpendicular  planes. 

After  the  remarkable  experiments  of  Flourens  in  1834  and  the 
autopsies  ot  Meniere,  their  working  was  studied  by  Ozermak,  Uarless, 
Browu-8cquard,Vulpian,Boetticber,Goltz,Cyon,Crum-Brown,  Brewer, 
Mach,  Exner,  Bazinsky,  Munck,  Steiner,  Hwald,  Kreidl,  and  Pierre 
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lave  made  on  this  subject  a  very  carious  observation.  When  a  basket 
•f  pigeooB  wbich  have  already  performed  jonmeya  is  carried  by  rail- 
oad,  they  manifest  great  agitation  when  they  reach  a  station  whence 
bey  have  formerly  been  released,  althongh  they  remained  indifferent 
whenever  they  stopped  at  previons  stations.  Now,  it  will  certainly  be 
idmitted  that  a  pigeon  inclosed  in  a  basket,  wbich  in  turn  is  shnt  ap  in 
i  dark  carriage,  can  not,  from  the  noise  alone,  distingnish  one  atation 
rom  another.  Its  sight  and  its  other  senses  are  of  no  nse  to  it,  since 
t  is  as  completely  as  possible  isolated  Itom  whatever  passes  outside, 
tnd  yet  it  knows  exactly  where  it  is  in  respect  to  the  point  of  its 
lepartnre.  We  were  rigbt,  then,  in  saying  that  an  animal  carried  to  a 
»  distance  possesses  an  entirely  subjective  idea  of  his  sitnatioo  inde- 
pendent of  the  surroundings  through  which  he  is  for  the  moment 
passing. 

Mythology  relates  how  Theseus,  penetrating  the  mazes  of  the  laby- 
rinth, held  iu  his  hand  the  thread  given  him  by  Ariadne.  He  could  in 
this  way  go  back  on  his  own  track  and  reach  the  entrance  to  the  chasm. 
Does  it  not  seem  that  the  animal  possesses  likewise  the  thread  of 
Ariadne,  and  unrolls  it  whenever  he  enters  unknown  regionsf 

Before  we  pass  to  a  new  course  of  thought,  let  us  stop  for  an  instant 
to  consider  an  objection  which  naturally  occurs  to  us.  We  have  cited 
in  support  of  our  last  deduction  some  observations  made  on  the  carrier 
pigeon.  Since  the  organ  of  distant  orientation  has  been  developed  by 
a  wise  selection  iu  this  interesting  messenger,  can  we  generalize  imd 
apply  to  other  animals  the  remarks  which  concern  it?  We  do  not 
hesitate  to  answer  such  a  question  affirmatively.  By  selection  man 
develops  a  certain  faculty  abnormally  to  the  detriment  of  some  other; 
he  deforms  the  primitive  type,  often  destroys  the  equilibrium  of  nature 
for  bis  own  profit.  He  can  not,  however,  develop  a  new  faculty;  he 
must  limit  himself  to  only  modifying  tbe  existing  ones.  Variation  and 
heredity  are,  In  fact,  the  only  means  wLicb  he  can  use  to  accomplish 
his  purpose.  We  can  not,  therefore,  discover  in  the  carrier  pigeon  any 
trait  which  did  not  exist  iu  the  germ  in  its  wild  ancestor. 

If  a  new  example  seems,  nevertheless,  necessary  to  confirm  this  the- 
ory, we  will  cite  another  interesting  fact  from  the  history  of  migratory 
birds.  In  1883,  on  a  dark  night  during  a  heavy  squall,  a  flock  of  wild 
geese  alighted  at  Clermont-Ferrand  on  tlie  church  of  St.  Kutrope  and 
the  neighboring  bouses.  After  a  stay  of  two  hours,  tlie  wind  having 
lulled,  the  birds  took  up  their  interrupted  Jouruey  through  the  air. 
Some  of  tbem,  however,  who  liad  descended  into  the  gardens  or  into 
the  courts,  did  not  succeed  in  taking  flight.  They  struck  against  the 
walls  or  got  entangled  in  the  trees.  Some  were  killed  and  others  so 
badly  wounded  that  they  were  picked  up  the  next  morning  by  the 
people. 

The  wild  gooHC  has  not  an  eye  formed  like  that  of  nocturnal  birds. 
Dei>rived  of  sight  by  exceptional  darkness,  these  binls  did  not,  hpw- 
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arouDd  its  carriafce,  but  by  tbe  senHe  of  direction,  which  woald  give  it 
a  subjective  idea  of  its  poRitiou  in  respect  to  its  liome. 

Practice  has  in  every  case  confirmed  our  tlieory.  We  have  had  ocoa- 
sious  to  inalie  some  interesting  observations,  and  we  will  now  cite 
(^rtain  facts  which  relate  directly  to  our  discussion.' 

A  pigeon  carriage  was  stationed  for  twenty-four  hours  at  Ei)ernay. 
Its  inhabitants  were  not  set  at  liberty,  while  the  pigeons  of  the  neigh- 
boring wagons,  after  remaining  quiet  for  two  hours,  were  taken  to  some 
distance  to  be  released. 

The  next  n»ming  the  carriages  were  taken  to  Chalons,  with  the 
exception  of  the  carriage  from  which  the  pigeons  had  not  flown  at 
Irlperuay.  Those  pigeons  were  distributed  among  the  other  carriages, 
which  were  exactly  like  tbe  first  in  pattern.  At  Chalons  tbe  cotes 
weri!  opened  and  these  pigeons  set  free.  Some  of  those  which  had 
made  the  journey  from  I^pernay  to  Chalons  in  a  strange  wagon  left  for 
£pernay,  and  there  found  their  wandering  home.  How  did  they  sue- 
ceeil  in  tracing  their  way  back  from  Kpernay  to  Chalons,  and  in  find- 
ing their  carriage  in  a  place  of  which  they  could  know  nothing  f  Only 
the  law  of  retnicement  can  explain  this  action,  ^e  have,  moreover, 
repeated  this  cnrions  experiment  many  times. 

While  a  pigeon  carriage  was  stationed  at  the  Chateau  of  Morobies 
two  pigeons  went  astray.  They  were  found  again  at  Bapaume,  the 
last  stopping  place  of  the  carriage.  One  was  taken,  the  other  escaped. 
ItK  course  of  flight  was  reported  to  us  from  all  the  places  where  its 
carriage  had  stopped.  It  arrived  in  this  way  at  Hoadain.  From 
there  it  left  for  Kvrenx,  taking  up  the  reverse  of  a  journey  made 
some  days  befoie  on  the  railroad.  At  Rvreux,  where  the  carriage  had 
stopped  lor  some  months,  we  succeeded  in  capturing  it.  Is  not  tbe 
retracing  of  this  journey  slep  by  step  tbe  best  proof  which  could  be 
given  in  8up{)ort  of  our  theory?  By  moans  of  tbe  law  of  retracement 
we  can  almost  always  determine  the  exact  itoint  at  which  to  find  our 
loNt  pigeon.  We  thus  succeed  in  decreasirig  the  number  of  losses  which 
would  otherwise  be  numerous  and  difficult  to  repair. 

The  return  of  n  pigeon  to  a  moving  home  is  uotan  exceptional  thing; 
we  might  cite  many  examples  of  the  same  sort  borrowed  from  the 
history  of  birds. 

Tliebirdsofprey  which  live  ill  tbe  forests  of  Argoniie  and  of  Ardennes- 
oreven  in  the  solitudes  of  the  Alps,  find  in  spring  in  their  native  region 
everything  that  is  necessary  to  their  subsistence— young  broods  and 
game  in  abundance.  But  when  iiutumn  comes,  when  the  game  has 
grown  strong  and  has  learned  to  escai>e  by  flight  from  the  pursuer,  he 

'  Our  exporiiiieDto  liiiTs  settled  oim  iuMresting  imint.  Aocordiiig  to  M.  Dureare, 
«gl!B HliRkiin  wMi  80IIIO  violence  fnr  a  roiiHiilurable  time  will  not  batch  out.  Wu 
h»Ti' |irovi'.il  tliitt  nitliug  liver  roaiU,  »riir  n  |>avcm<'iit,  or  nii  it  rallra»iL  wben  the 
eg^N  an>  shi]>)>eil,  in  no  way  alti'm  tlie  ciuKlitioiii  of  liutchiii;;.  \Ve  may  say  with 
iprNiiiity  rliiit  ill  :i  niov!ili1<:  ■■■it<>  thii  iiij-eciiis  hutch  with  the  Hftiiii-  regnhirity  aa 
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All  a;.  JdJi"'!  iiio:-!ii-ir-  ;ir»r  fzjl.ii**!  by  iht  l»v  of  preservation, 
Miiii')>  M«'-:vri- Kf  hiiri  uri  irfi!>«;rjiir«  jiurjM}^.  leiiving  him  a  restrictfj 
lilfj-ny  J  (I  tin-  iiii.ii'.-  of  (iicini.  M.1II  i.s  actuated  by  tlie  same  law.  but 
iiihImk'I.  i'  nut.  iii«  'iiily  •li^teriiiiiiing  <;:iuse  of  his  at-tion;  he  U  al^ 
I'li'lowi-'l  wiili  nr;i>yiii.  U  hil<^  iii.-tJQCt  points  oat  to  the  auiiiiiil  oiiK 
o(i''  I'liM'-'-,  riMwiri  jKiJMtN  nut  to  man  many  KolatioiiK:  he  chooses  free!/ 
wlii'-lii!V<-i  wi^rtiH  l*i!>>t  to  lijrn.  He  can  even  consider  the  prouiptin^ 
of  liioliiii^t.  of  no  coiiHi'ifiif.iicc;  thiiH  by  Hnicide  and  Maltbasian  prac- 
lirr.^  III!  iiiiiy  net  liiiiiHi^lf  III  I'HVolt  againtt  the  law  of  preservation  of 
liliiiM'li  iiii.l  liiHhiiKt. 

VVi!  !■  'I'll  to  I  novo  that  tlie  action  of  orientation  Irom  » 

Icily  iin  th»  function  of  one  organ — the  sense  of 
til  rHiiiiii-  extent  automatically .  If  a  man  whois 
If  ('iilN  ti>  Ills  aid  bi)th  reason  and  observalioi'i 
lliimidl'  lack  "f  OMTiiisp,  becomes  afro^iiW' 
iiiifil  iniiii,  w)iii  estiiiiiites  everything  that  \i« 
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does,  often  finds  liis  direction  less  accurately  tban  a  man  whose  intel- 
lectual cultare  is  limited;  he  makes  an  act  which  shonld  be  in  some 
measure  mechanical  and  impulsive  au  act  of  reason.  As  a  result  of 
these  considerations,  savages,  deprived  of  improved  instruments  and 
possessed  of  sharpened  senses,  can  furnish  us  with  more  interesting 
£aot8  than  can  civili/ed  peoples. 

A  former  military  attach):  at  Pekin  told  us  that  when  undertaking 
long  hnnting  expeditions  he  took  with  him  two  Mongolians,  who,  after 
many  days'  Joarney,  would  lead  htm  back  to  the  point  of  departure. 
The  confidence  which  he  reposed  in  these  guides  was  never  deceived; 
they  found  again  in  the  return  the  path  followed  in  going,  American 
Indians  also  seem  to  make  use  of  the  law  of  retracement  wheu,  after 
many  weeks  of  absence,  hunting  in  very  distant  regions,  they  return 
to  their  home.  The  nomads  of  Africa  and  Asia  follow  in  their  wander- 
ings laws  based  to  some  extent  on  those  which  govern  the  migrations 
of  animals. 

These  facts  are  certainly  very  curious,  but  one  must  not  draw  too 
strict  umelusioiis  from  them;  the  primitive  man  knows,  in  spite  uf  his 
intellectual  inferiority,  how  to  reason  out  what  he  shall  do.  It  is  con- 
sequently very  difficult  in  analyzing  an  act  of  orientation  to  discern  in 
it  the  part  played  by  reason. 

VIII. 

We  have  vainly  sought  in  the  works  of  naturalists  a  theory  which 
might  explain  satisfactorily  the  acts  of  orientation  performed  by  ani- 
mals. Many  very  interesting  notes  have  been  made  on  their  habits; 
the  life  of  certain  ones  has  no  further  secrets  for  us.  But  when  it 
becomes  necessary  to  pass  from  effect  to  cause  the  observer  usually 
takes  the  wrong  side.  Erroneously  taking  himself  as  a  term  of  com- 
parison, he  usks  what  he  would  do  to  accomplish  such  and  such  an 
action  proved  instinctive  in  an  animal.  However,  if  an  animal  has  not 
reasoning  power  he  possesses  senses  whose  power  surpasses  anything 
that  we  can  imagine. 

We  know  the  famous  experiment  of  the  female  peacock  motli  shut  up 
in  a  box  and  set  out  at  night  on  a  balcony  in  Paris  where  representa- 
tives of  its  species  were  very  seldom  found.  The  next  morning  there 
were  four  males,  doubtless  from  the  neighboring  forest,  settled  on  the 
box.  How  did  they  know  that  20  kilometers  away  they  would  find  a 
female  in  the  midst  of  Paris,  where  they  had  never  before  ventured  T 

When  in  the  Pyrenees  the  hunters  run  down  an  ibex,  it  is  useless  for 
them  to  hide  the  entrails  under  a  bush  or  in  a  hole;  vultures  appear 
from  every  direction,  although  but  a  few  minatea  before  not  one  was 
visible  on  the  horizon. 

Such  facts  as  these  are  inexplicable  from  what  we  know  of  the  senses — 
of  our  own  eBi>ecially.  The  acts  of  orientation  are  not  less  extraordi* 
nary;  therefore  the  observers  who  have  remarked  these  things  have 
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triwl  to  exi)1aiu  tbem  by  endowing  the  beast  with  the  calcnlation  and 
reasoning  powers  which  we  would  nse  if  we  were  in  his  position. 

It  is  iu  this  way  that  some  pigeon  fanciers  attribute  the  retam  of  the 
pigeons  to  a  wonderful  memory  of  the  locality.  In  his  d&ily  sport  the 
bird  rising  above  his  home  will  note  the  landmarks  of  the  country,  study 
their  relative  position,  and  will  notice  tbem  in  relation  to  his  home, 
thus  making  a  veritable  triaiignlation  of  the  country  where  fae  dwells. 
According  to  others,  the  bird  does  iu  time  acquire  a  profound  kuowl^lgt 
of  the  local  magnetic  currents.  Such  an  hypothesis  explains  a  mystoi- 
oas  fact  by  means  of  others  still  more  mysterious.  It  has  even  bea 
seriously  suggested  that  a  pigeon  orients  himself  by  the  coarse  of  the 
stars. 

We  think  that  these  fantastic  theories  should  be  rejected;  an  aDimal 
cau  not  be  a  mathematician,  a  geometrician,  an  electrician,  or  an  astron- 
omer; and  observers  have  been  wrong  to  attribute  any  intellectual  mao- 
ifestation  to  a  materiiil  action  which  onlypnts  to  use  a  very  perfeti 
organ.  The  animals  most  highly  gifted  in  the  art  of  orieutatiun  at  a 
distance  arc  not,  in  fact,  the  most  intelligent,  but  those  which  possess 
the  most  powerful  means  of  locomotion. 

Such  is  the  idea  which  has  inspired  us  in  the  study  of  the  mecbanisiD 
of  orientation.  We  have  formulated  a  series  of  very  simple  propositions 
founded  on  observation  aud  explaining  a  number  of  facts  long  known. 
It  has  been  possible  to  draw  from  our  theory  many  interesting  infer- 
ences which  experiment  has  confirmed.  In  expressing  onr  opinion  of 
this  much  disputed  subject  we  hope  to  arouse  discussion  and  incite  to 
new  researches  which  will  doubtless  lead  us  to  a  complete  knowledge 
of  the  truth. 
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WORLD.' 


By  HBimT  B;  Wabd. 


Avay  back  at  the  begioDiiig  of  the  investigation  of  minate  forms  of 
life,  which  followed  upon  the  iDveotion  of  the  microscope,  or  shall  I 
Bay  discovery,  for  it  seems  to  have  been  historically  an  accident,  the 
early  stadents  searched  the  ditches  and  ponds  and  lakes  for  the  organ- 
isms which  constitnted  the  objects  of  their  study.  Anton  von  Leen- 
weohoek,  whose  name  is  familiar  to  you  as  one  of  the  most  zealous 
early  workers  among  microscopic  objects,  enriched  science  by  a  long 
series  of  new  organisms  of  this  character.  Boesel  von  Roseuhof,  whose 
careful  investigations  on  various  fresh-water  animals,  published  under 
the  title  of  lusect  Diversions,  are  still  standard  sources  of  iuformatiou 
concerning  the  habits  and  structure  of  these  forms,  together  with 
Swammerdam,  Trembley,  O.  F.  Miiller,  and  a  whole  host  of  others 
devoted  their  attention  almost  exclusively  to  the  fresh-water  fauna. 
But  this  movement  seems  to  have  culminated  with  the  appearance  in 
1838  of  Ehrenberg's  famous  volume  The  Infusion  Animalcules  as  Com- 
plete Organisms. 

Extended  investigations  had  already  impressed  zoologists  with  the 
richness  of  the  marine  fauna.  Numerous  animal  groups  of  common 
occurrence  in  the  sea  were  apparently  entirely  wanting  in  freeh  water 
and  the  astounding  richness  of  the  subtropical  and  tropical  oceans 
with  which  the  European  investigators  came  early  in  contact  on  the 
shores  of  the  Mediterranean  and  in  the  expeditious  to  the  new  lauds 
of  the  Tropics  entirely  overshadowed  the  life  that  bad  hitherto  been 
found  in  pond  or  ditch.  It  is  in  my  opiniou  also  no  small  factor  that 
many  of  the  marine  forms  which  were  brought  to  the  atteution  of 
scientists  were  dazzling  in  their  beauty  of  form  and  in  the  brilliancy 
of  their  coloring.  The  quieter,  more  unassuming  forms  of  lacustrine 
life  in  temperate  regions  could  make  no  corresponding  impress  on  the 
miuds  of  the  observers.  So  the  scientific  world  went  to  the  seashore 
for  study  and  everywhere  along  the  coast  of  Europe,  and  even  in 
the  islands  of  the  Tropics  were  to  be  found  the  vacation  resorts  of 
scientists. 

'Animal  addrau  of  tb«  presiJeot  before  the  Nobrasba  Academy  of  ScienoeB  at 
LinoolD,  November  25,  1888.     Printed  in  Science,  April  T,  1899,  Vol.  IX,  No. 
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to  a  well-deflued  problem.  A  scauty  collection  was  made  to  serve  as 
tbe  basis  of  a  faunal  list  supposed  to  characterize  the  body  of  water  in 
qnestion,  and  the  enumeration  of  species  was  regarded  as  tbe  ne  plas 
ultra  of  many  investigators- 
Like  tbe  spiritless  systematic  zoology,  which,  in  tbe  work  of  many 
minor  investigators,  followed  npon  the  example  set  by  the  great  Lin- 
□icns,  so  laenstrine  investigators  in  considerable  number  were  appar- 
ently satisfied  to  describe,  aa  tbe  resalts  of  brief  sojoarns,  tbe  fanua  of 
a  lake  or  lake  region,  or,  perhaps,  even  from  a  conple  of  vials  of  material 
collected  by  some  rich  patron  in  the  conrse  of  a  journey  around  the 
world,  to  discuss  monographically  the  freshwater  f&una  of  the  Fiji 
lalandH,  for  instauc-e.  Under  such  circnrostancea  there  could  be  no 
biological  stndy.  The  chief  aim  seemed  to  be  to  cover  as  mncb  grrouud 
aH  possible  in  a  short  time.  And  what  Lauterborn  said  five  years  ago 
is  even  truer  to-day  in  the  ligbtof  our  more  extended  experience:  "For 
tbe  question  as  to  the  distribution  of  organisms,  tbe  methods  so  cher- 
ished even  up  to  tbe  present  day  of  fishing  in  tbe  greatest  possible 
number  of  lakes  (which  recalls,  in  many  respects,  the  chase  after  new 
summits  on  the  part  of  our  modem  bigh  climbers — Hochtouriaten!) 
really  bave  only  limited  claim  to  scientific  value,  since  through  them 
bnt  a  very  incomplete  picture  of  the  faunal  character  of  a  water  basin 
can  be  obtained." 

The  earlier  Investigators  whose  work  has  already  been  mentioned, 
Fritsch  in  Bohemia,  and  Forel  in  Switzerland,  liad  been  pursuing  a 
single  problem  or  investigating  a  limited  locality  for  nearly  twenty 
years,  and  they  were  among  the  first  to  emphasize  the  necessity  of  a 
modification  of  the  prevalent  tendency  and  of  a  more  formal  character 
for  lacustrine  work,  if  valuable  scientific  results  were  to  be  expected 
from  it.  Forel  was  the  first  to  pablish,  in  ontline,  a  plan  for  tbe  precise 
formal  investigation  of  a  body  of  water,  in  which  emphasis  was  laid 
npon  the  necessity  also  of  continnous  and  extended  investigation 
before  satisfactory  conclusious  could  be  hoped  for.  This  programme 
has  suifered  some  modification  in  detail  at  the  hands  of  various  stu- 
dents, but  in  its  general  features  remains  tbe  aim  and  desire  of  work- 
ers everywhere.  With  the  appreciation  that  snch  work  mnst  needs  be 
formal,  continuous,  and  extended,  came  naturally  the  desire  that  sta- 
tions of  a  permanent  character  should  be  established  at  various  points 
for  the  realization  of  tbe  idea.  And  the  first  of  these  that  were  founded 
were  of  a  general  character,  concerned  with  the  biological  investigation 
of  water  as  a  problem  of  general  scientific  interest  and  importance. 

But  almost  immediately  other  influences  made  themselves  felt  whicb 
have  led  to  tlie  extension  of  the  general  idea  along  particular  lines  of 
economic  im|>ortauce.  Improved  methods  of  fish  catching  and  larger 
demands  for  flsb  food  had  brought  various  countries  to  the  point  where 
the  drain  on  this  kind  of  food  supply  was  becoming  very  evident.  The 
fish  were  being  destroyed  more  rapidly  than  natural  meaus  ooald 
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^  :  ciLrHnL  *ad  it  vac  felt  that  eonething  must  be  daw  by 
- :-T<f7^ju(a.ik:  a^f^cT  w  if|lfMih  tte  depl^ed  waters.  Tbe  Grc 
ei;<oca.:  {^f  wOct^^  kiid  k«|ng  aBdcr  satu&etory  conditioas  Uip 
i.::r.':<trF  t^  1^  <¥7^  catzl  tbejr  fkoold  be  hjUcbed  and  tbe  youngtr 
•l:<:Ti'cr.*tl -'an-- ^i.  lilt  vtur^wtK  not  aosacotasfal  as  ba3.  beenbopec 
Ti^  ;t  ■*.  'a-s.  wMf-  v<o  iu^  to  be  attacked  in  sach  a  saperficuU  mi 
aii'i  tix  f=nLtr  k»jvMpe,  vluck  it  beeaaie  clear  was  abaolately  ser» 
SAiT  f:cpr  •;ierkA:.-(iii:.^of  tbe  qaeetkn,  mast  needs  be  soag-fat  tfarot;'. 
«r»sie  rijcans  '<-  ilie  iDvestifratioa  of  tbe  coodidoDS  and  determiDaTj.-: 
uf  the  su-p&  ueccissajy  for  tAe  solntion  of  tlie  i»t>blem,  and  for  cairyn: 
into  ew««t  ibe  Hkea^^ons  wiurb  Hi;:fat  afford  the  desired  relief.  Tkb 
kd  tiret  in  Enrriji^.  to  be  rare,  in  oooDectioa  with  private  enCeiprise 
far  fi.-h  m'tore.  to  the  establisliatent  of  biok^ical  experiment  8tatio:i! 
wiili  tbe  tisb  bau-iieries,  veiy  maeh  as  chemical  laboratories  are  no* 
neoe^&aiy  ttV.onets  of  Tarioos  maanfaetaripg  interesta,  or  sgricnltnnl 
exiwriment  stations  are  oonneet«d  with  the  higher  development  of  a^ 
caltoral  possibilities.  There  is,  however,  a  still  farther  demand  whici 
has  le<l  to  the  formatioo  of  institotions  of  the  general  type  whicfa  *f 
are  considering.  The  water  sopply  of  oar  cities  has  always  been  i 
Berions  problem  and  one  of  inereasiDg  interest  in  connection  «iii 
crowded  coDditions  in  the  more  thickly  settled  conntries  of  the  voiiA. 
and  the  biological  examination  of  the  water,  undertaken  of  necessitr- 
bas  led  to  the  orgiuiization  of  biolc^cal  laboratories  connected  with 
the  wato'  ByKtems  of  great  cities,  both  on  the  Continent  and  io  oar  oini 
conn  try. 

Having  thii»  diacnsaed  the  caoses  which  have  led  to  the  establish 
ment  of  limnobiological  stations,  ve  may  now  consider,  briefly,  the  types 
which  they  present,  and  the  particular  resnlts  which  may  be  expected 
from  a  given  sort.  Of  coarse  all  probable  variations  may  be  foand,  and 
it  in  difficult  to  make  any  classification  which  is  complete  or  even  just 
and  yet  for  convenience  we  may  divide  these  enterprises  into  afe* 
great  groups,  rccogtiiztng  the  fact  that  certain  of  tbem  do  not  belong 
singly  to  any  one  class,  but  combine  features  of  different  types.  Bat 
before  outlining  this  classiflcatton,  let  me  say  that  I  do  not  regard  tbr 
existence  or  nonexistence  of  a  building  or  strnctnre  devoted  to  the 
purpose  of  investigation  as  a  necessary  mark  of  a  biological  station. 
Someoftlie  most  valuable  contributions  to  general  and  special  ques- 
tions in  this  field  have  come  from  investigators  or  groups  of  investi- 
gators who  have  had  no  abiding  place,  vhile,ontheotherhand,  statroDS 
well  ci|uippcd  with  buildin^B  and  apparatus  have  in  some  instances,  so 
far  as  can  be  ascer^-' — -'  -"ntributed  nothing  even  after  several  years' 
existence,  to  the '  -ientiSc  kuowledge.    Material  equipment 

is  valuable,  and  '  luces  to  better  results,  and  yet  it  is  the 

resnlts  themselvt  ietermine  the  character  of  any  enter- 

prise and  the  po^  tuld  bold  it  the  esteem  of  the  world. 

Fur  the  puriMM  ion  I  propose  dividing  biological  sta- 
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tioiis  iDto,  first,  individnal  resorts;  secoud,  periodic  reNorts,  aiid  tbird, 
permanent  stations.  Individual  resorta  are  such  as  are  cbaracterizod 
by  the  work  of  one  or  more  iodividnal  iuvestigatori:>,  working  for  the 
most  part  independently,  and  solving  their  problems  by  virtue  of  their 
individaal  investigations.  There  are,  of  course,  a  large  number  of  such 
IklEices  where  some  investigator  has  made  sporadic  or  single  efl'orU  at 
the  determination  of  the  fauna)  character  of  a  water  basin,  or  has  paid 
a  tiaiuber  of  occasional  visits  to  such  a  locality  for  tbe  same  puri>ose. 
On  tbe  whole,  these  stations  have  accomplished  comparatively  little, 
although  we  lind  striking  contradictions  of  tbe  general  statement. 

They  may  be,  however,  of  a  more  regular  and  definite  character,  and 
Bome  of  these  personal  investigations  have  been  most  valuable  in 
extending  our  present  knowledge  of  JVesh- water  life.  It  may  be  noted 
here  that  the  permanence  or  regularity  which  contributes  to  tbe  success 
may  be  either  in  the  location  of  the  point  at  which  the  investigations 
are  carried  out  or  in  the  definiteness  of  the  purpose  which  is  followed; 
thuB  Imhofs  studies  on  the  i>elagic  fauna  of  tbe  Swiss  lakes  were  [>er- 
maneot  in  their  value,  and  Zschokke's  investigation  of  tbe  biological 
character  of  elevated  lakes  carried  on  at  numerous  points  i  u  the  Alpuie 
chain  has  resulted  in  fundamentally  important  contributions  to  the 
lacustrine  fauna  of  high  altitudes.  Yetneither  of  these  was  at  all  con- 
fined to  a  single  locality,  though  limited  by  a  definite  purpose. 

Periodic  resorts  are  those  to  which  groups  of  indi\'idual8  are  accus- 
tomed to  go  for  a  certain  portion  or  season  of  tbe  year,  most  commonly 
for  a  vacation  [wriod,  in  accordance  with  which  they  are  denominated 
summer  or  winter  laboratories.  The  larger  number  of  tbe  investigators 
tends  toward  securing  a  more  complete  idea  of  tlie  biological  problem 
as  a  whole,  so  that  the  results  obtained  from  such  stations  are  of  evi- 
dent value.  Yet  at  tlie  same  time  it  must  be  noted  that  they  are  dis- 
tinctly inferior  even  to  many  iudividual  resorts,  since  during  the  larger 
portion  of  the  year  no  investigations  are  carried  on  and  tbe  results 
obtained  are  necessarily  partial  and  incomplete  in  their  character,  and 
hence  unavailable  for  the  decision  of  the  broader  and  more  fundamental 
biological  questions. 

Permanent  stations  are  those  at  which  operations  are  conducted 
throughout  the  entire  year  by  a  definite  corps  of  observers.  The  coa- 
tJnuity  of  their  work  renders  their  results  valuable  for  the  decision  of 
general  biological  problems,  and  at  the  same  time  tbe  permanent  force 
which,  iu  part  at  least,  is  indispensable  in  such  an  institutiou  implies 
that  tbe  undivided  atteotion  of  the  observer  is  devoted  to  these  prob- 
lems; from  this  we  may  then  expect  justly  that  greater  results  will  be 
obtained  than  in  tbe  case  even  of  the  best  of  individual  resorts,  since 
the  investigators  who  are  carrying  on  operations  at  these  are,  so  far  as 
I  know,  without  exception  connected  with  educational  or  scientific 
institutions  which  demand  at  least  a  part  of  their  time,  and  to  that 
extent  divide  their  interest  and  their  energy. 
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It  tH  tanh^armnn.  fiestr,  6aa  wkat  kaA  Imcb  preriMsij'  said,  tkst  sack 
p«nB2n«fit  utatirtwi ar*  of  ciro diatJart  rfimw.  ^irst,  those  vfakhnsT 
be  /lATMoninatMl  |;eoeraI,  eren  tha«^  their  wock  is  ef  the  gRstea 
ralne  fnr  npeHal  parpoMs.  and,  wcoad.  those  whi^  sre  distiiictiTelT 
tenhniftal  tij  Tirtne  f>f  tbntr  Mnonation  with  specific  eDt«rprises. 

It  U  bnt  natnral  tbat  the  different  contiiieiitB  are  Ttsry  nneqiuIlT 
rfpmtmtfA  with  rei^anl  to  the  naaiber  of  statuns  that  have  hen 
tmUthUnhdul  opon  tbem,  and  with  respect  to  the  knowledge  that  faa^ 
bef;n  K»incd  in  r«ference  to  their  fresh-water  &DDa  aDd  flora.    Tbu 
onr  knowledi^e  of  the  Aiutniiaa  fresh-water  fiuuia  is  ooofined  at  preso; 
to  thff  report  of  collertinnH  made  by  travelers,  and  to  the  investigation 
of  n|N«imens  raised  b;  8ars  from  dry  mad  which  had  been  sent  to  Iukl 
or  Africa  we  know  that  fifteen  years  ago  an  expedition  brought  word 
frvmi  T^ake  Tanf^anyika  that  while  rowing  across  its  waters  they  encoon- 
tered  nwarms  of  .jetly-flsb,  white  many  of  the  gastropod  shells  whicii 
werft  broDKht  back  with  them  showed  in  an  equally  striking:  way  thtii 
mitrinf.  character.    These  reports  have  been  confirmed  by  an  expeditioB 
thnt  lias  just  returned,  and  the  strikingly  marine  complexion  of  tbf 
fniina  of  the  lake  can  bardty  be  doabted.    This  appears  all  the  iimr  I 
strniiKO  sin<'e  collections  made  at  Lake  Nyassa,  which  lies  decided]/  i 
nearer  tlie  hp»,  show  nothing  but  what  is  specifically  lacastriue.    Sncii  | 
fkctfl  point,  of  course,  to  the  importance  of  the  African   fi-esh-wste  i 
stations  of  the  fiitnrc. 

1'Voin  varlons  lakes  of  Asia,  all  the  way  from  Ceylon  to  Siberii,  { 
numerous  mora  or  Iohh  extensive  collections  have  been  made  by  trtv- 
clers,  tliough  there  is  hnnlly  anything  safficiently  extended  to  warrant  j 
the  stat^ineiit  that  a  station  has  been  located,  even  for  a  limited  time, 
at  any  iwliit,  eapeciAlly  since  most  of  the  collections  have  not  been 
InvoHtigiileil  by  men  vho  Uatl  made  them,  bnt  have  been  turned  over  u 
alcoholic  mntcrlitl  to  ICurojx'au  investigators  for  »tudy.  We  do  knov. 
however,  that  Lake  liaikal,  which  ia  situated  almost  in  the  center  of  tbe 
continent,  harbora  n  rich  nioUascau  and  crustacean  faona  that  is  cfaar- 
acti-rlstically  ninrino  in  its  form,  and  is  further  distingoished  by-  posses- 
sing many  (>i>ong('s  clearly  of  marine  type,  and  at  least  one  species  of  swi 
( I'lHK'ul.  a  gi'niKt  which  is  typically  oceanic.  A  discasaiou  on  the  mean- 
inn  of  ""'■■'•.'  fentun's  lies  far  from  the  purpose  of  the  present  pa|>er,  bnt 
tHH'ttiiiily  sncli  t'iK'ta  do  imiut  out  mtKut  strikingly  that  the  field  of  limoo- 
ttiulotiict)!  investigittion  is  not  lacking  in  topics  of  extreme  interest 

Fnnii  8iintli  AmericA  reimrts  «tnoeniing  the  fresh-water  fonua  art 
|>erha|vs  unv-it  si-ant'^  ■>'" ""  Krvii.-el,  a  German  investigator,  who  lived 
uinny  years  in  Ar  iiubtislMtl  $»me  interesting  stndie^  made 

whili'  tlieix*  on  t  »  tV>r  is.>!;»twl  notices  of  the  Ucostriue 

f^nna  lVi>m  %-:»n<'  ^o;o  th<>  I:st. 

VV'iH  tluvse  si.  "iVtrx;;;  :li;»t  :he  work  doBe  thas  ir 

<mlsiilo.>f  Knix'r  ■"•"'•»  ■*  ei.rt't^:i!-!y  limited,  and  that 

ti^r  (Mir  ii)il!:nieni  t'<'r»  :k!  't=iC>>l>x4>^Mal  iavesdcalWl 
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we  mnst  look  to  the  laboriitories  of  tbe»e  two  continents.  Among  all 
BuTopeau  coantries,  Switzerland  has  furnished  perhaps  the  greatest 
nnraber  of  investigators  and  Btations  for  Ilmnobiology,  together  with 
the  most  extended  and  valnable  resolts,  although  even  yet  there  is  not 
ia  that  country,  so  far  as  I  can  ascertain,  a  building  exclusively  devoted 
to  thepnrpoaes  of  this  investigation.  First  and  foremost  among  these 
investigators  may  be  mentioned  Forel,  of  the  University  of  Laasanne,' 
to  whom  reference  has  already  been  made.  His  investigations  have 
been  carried  on  for  more  than  thirty  years  on  Lake  Geneva;  to  him  we 
are  indebted  for  the  first  knowledge  of  the  abyssal  fauna  of  a  fresh- water 
lake,  for  the  first  extended  programme  and  plan  for  the  investigation  of 
such  a  lake,  and  for  the  first  effort  toward  the  realization  of  such  a  plan, 
which  finds  its  full  expression  in  his  "  Lac  Lt^man,"  a  monograph  at 
present  in  the  course  of  publication  j  the  volnmes  which  liave  appeared 
thus  far  treat  of  physical,  chemical,  and  meteorological  conditions  on 
the  lake,  and  are  to  be  followed  by  others  which  will  complete,  with  the 
flora  and  fauna,  the  entire  limnologie  investigation.  The  series  will 
make  a  magnificent  and  permanent  contribution  to  lacustrine  investi- 
gation, and  will  serve  as  a  model  for  the  work  of  all  times. 

The  work  of  Zschokke,  professor  at  the  University  of  Basel,  lias  been 
directed,  a»  already  mentioned,  toward  the  elucidation  of  the  faunal 
aspect  of  elevated  lakes.  It  has  been  carried  on  through  many  years 
at  different  points,  including  the  lakes  of  the  Jura  U>  the  westward,  as 
well  as  those  in  various  regions  of  the  Alps  proper,  and  his  papers  on 
the  fauna  of  elevated  lakes  contain  the  only  general  statement  of  the 
problem,  an  well  as  of  the  characteristic  features  of  such  localities,  that 
has  yet  appeared. 

Lake  Constance  has  been  the  scene  in  recent  years  of  the  work  of 
numerous  investigators  under  the  guidance  of  an  association  for  the 
investigation  of  the  lake,  which  has  its  headquarters  at  Lindau.  The 
published  accounts  of  these  Investigations  have  thus  far  been  prelimi- 
nary in  character,  and  I  am  unable  to  learn  whether  there  is  a  build- 
ing devoted  to  the  purposes  of  investigation  and  whether  the  work  is 
carried  on  throughout  the  entire  year.  This  lake  was  the  scene  of 
early  investigations  by  Weismann  in  1877,  and  the  presentwork,  which 
was  inaugurated  about  1S93,  is  under  the  direction  of  Hofer,  of  the 
University  of  Munich. 

At  present  Switzerland  is  the  scene  of  the  most  extensive  scheme 
for  lake  investigation  which  has  been  entered  upon  anywhere.  Under 
the  leadership  of  the  Limnological  Commission  appointed  by  the  Swiss 
Natural  History  Society  all  efforts  in  lacustrine  work  are  to  be  directed 
and  unified;  methods,  problems,  and  localities  are  to  be  studied  in  the 
most  thorough  manner  and  the  results  are  to  be  published  by  the 

'  In  B  BODse  the  Inborntorf  of  tbe  u 
Islie,  i»  the  baildiug  of  the  stution,  e 
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society.    The  work  on  Lake  Lacerne  and  Lake  CoDStUMe  is  alnftd; 
tOr  adyaoced,  and  other  lakes  are  under  preliminary  exainiiiatioii. 

To  Bohemia  beloogs  the  honor  of  having  bad  the  first  definite  build- 
ing for  lacustrine  investigatioDB  in  the  fonn  of  the  Bobemiaa  Portable 
Laboratory,  which  was  constract«d  in  1888,  under  the  direction  of  Pr> 
feasor  Fritsch,  of  the  University  of  Pragne.  Referuice  has  alrml.t 
been  made  to  the  early  work  of  this  investigator,  who,  in  1S7 1,  reporte<l 
to  the  Academy  of  Sciences  in  Prague  the  resalts  of  hia  inve&tigatiooB  oc 
Black  Lake,  a  small  body  of  water  in  the  Bohemian  forest,  with  referoxc 
to  the  distribntion  of  animals  according  to  t^e  depth  of  the  wata  lal 
their  relation  to  the  shore.  These  iuvestigatioDS,  which  were  extended 
to  other  lakes  in  the  same  year,  are,  I  believe,  the  first,  at  least  to  be 
recorded,  that  were  carried  ont  in  this  way.  It  was,  however,  in  l^S^ 
before  Fritscb  sacceeded  in  obtaining  funds  for  a  small  portable  zoolog- 
ical laboratory  having  some  12  square  meters  of  fioor  soriace.  Tbe 
station  remained  at  its  first  location  four  years,  and  was  replaced  byi 
permanent  Btroctnre,  when  it  was  removed  to  another  locali^.  lliis 
portable  laboratory  has  been  regularly  visited  at  brief  intervals  of  timr 
by  the  director  and  his  associates  in  the  three  localities  at  which  it  h^ 
been  situated  during  the  last  ten  years,  and  the  contribations  &tHD  tfaii= 
work  constitute  most  valuable  studies  on  the  lacastrine  biology  uC 
Bohemia. 

In  Finland  there  exists  the  laboratory  of  Esbo-Liifo,  on  one  of  the 
small  islands  which,  though  primarily  a  marine  station,  is  so  £nvorsblf 
located  with  reference  to  bodies  of  fresh  water  that  it  has  devoted  » 
CODsiderable  jxirtion  of  its  energy  to  the  iuvestigatioQ  of  the  fresb-icsttf 
fauna  with  valaable  results.  This  laboratory,  which  is  closely  allied 
with  the  zoological  museum  of  the  University  of  Helsingfors,  has  been 
maintaineil  since  1889  nnder  the  direction  of  Dr.  K.  M.  Levander.  Its 
contributions  are  published  iu  the  Acta  Societatis  pro  Fauna  et  Flora 
Fennica.  One  of  its  workers.  Dr.  Stenroos,  has  for  several  years  indi- 
vidually  visited  Lake  Nurmijarvi,  one  of  the  small  inland  lakes  with 
which  Finland  is  so  plentifully  supplied;  it  is  a  body  of  water  wiiieh. 
though  it  M  about  2.5  kilometers  in  length  by  I  in  width,  has  a  nuui 
mum  depth  of  only  1  meter.  He  has  given  ns  a  very  complete  fonnistic 
and  biologic  study  of  its  life. 

Russia  has  recently  established  a  station  on  Olubokoe  Osero,  or  Deep 
Luke,  in  the  province  of  Moscow,  nnder  the  patronage  of  the  Imperial 
UasHlan  Society  for  Fish  tion 
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SslatoD,  one  of  tbe  largest  foesh-water  bodies  of  Europe,  haviog  an 
Evea  of  over  266  gqaare  mile«,  thoagh  its  maximam  depth  appears  to  be 
only  11  meters.  It  is  sorrounded  by  enormoas  marshy  areas,  wbicb  give 
thns  varied  conditions  for  the  development  of  life.  Several  parts  of 
the  reimrt  ou  those  investigations  have  already  been  published. 

lu  France  there  exists  a  lacustrine  laboratory  near  Clermont-Ferrand, 
-which  was  organized  in  connection  with  the  zoological  laboratory  of  the 
naiversity  of  that  name  in  1893.  The  reports  from  the  station  are 
recorded  in  the  Revue  d'Anvergne.  At  Paris,  Drs.  Uichurd  and  de 
6neme  have  investigated  collections  from  a  large  number  of  lakes  not 
only  in  France  and  neighboring  countries,  bnt  even  from  Algeria, 
Syria,  tbe  Azores,  and  other  points,  and  have  published  valuable  con- 
tributions on  the  distribution  of  ft^h-water  crnstacea,  as  well  as  sys- 
tematic monographs  of  various  groups. 

In  Germany  all  types  of  stations  are  represented,  as  might  be 
expected  from  the  importance  of  scientific  atndy  in  that  nation.  Indi- 
Tidaal  investigators,  not  a  few,  have  examined  various  lakes  or  lake 
regions,  most  prominent  among  them  being  andoubtedly  Apetein, 
whose  studies  on  Holstein  lakes  have  extended  over  many  years,  and 
whose  work  on  fresh-water  plankton  is  the  first  general  statement  of 
the  problems  and  of  the  methods  ased  by  Hensen  in  the  investigation 
of  marine  life  with  sach  success,  and  by  Apstein  first  applied  to 
lacustrine  investigation.  Probably  the  best  known  fresh-water  station 
in  the  world  la  that  on  Lake  Plon,  also  in  Holstein.  This  was  the  tirst 
permanent  geoOTal  fresh-water  station  to  be  established  in  the  world. 
It  owes  its  inception  to  the  energy  of  its  present  director,  Dr.  Zacharias, 
whose  plan  was  to  establish  for  Iresb  water  an  institntion  similar  to  the 
Naples  Marine  Biological  Station.  The  station  opened  in  1891,  and 
since  that  time  it  has  been  in  continaoas  operation,  and  has  afforded 
opportunities  for  investigation  to  a  large  number  of  scientific  workers, 
both  OermaQ  and  foreign.  It  is  the  most  pretentious  of  all  fresh-water 
stations,  having  a  building  two  stories  in  height,  with  namerons  labo- 
ratory rooms,  and  is  equipped  with  abundant  apparatus  for  collecting 
and  investigating.  From  it  has  been  published  yearly  since  1893  a 
volume  of  studies,  and  the  director  has  also  contributed  largely  to  other 
journals  on  limuologic  problems.  Two  other  stations  in  Germany  owe 
their  inception  to  the  fishery  problem,  and  have  for  their  purpose  more 
particularly  the  investigation  of  those  limnologic  questionswhich  deal 
pur ticularly  with  the  life  of  the  fishes.  Oneot  these  is  located  at  Miig- 
gelsee,  near  Berlin,  »nd  is  conducted  under  tbe  auspices  of  the  German 
Fishery  Association.  The  other,  at  Trachenberg,  is  under  the  auspices 
of  the  ailesian  Fisheries  Association.  Both  have  made  important  con- 
tribntions  to  the  biological  qnestloua  concerned  in  fish  culture.  A 
portable  station  has  also  been  maintained  since  1886  by  the  University 
of  Kiinigsberg. 

All  the  N^ortb  American  stations  which  are  known  to  me  lie  within 
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the  limits  of  the  United  States,  aad  they  represent  all  the  various  types 
of  HQch  iDstitntions.  A  considerable  nnmber  of  workers  hare  reported 
isolated  investigatious  of  lakes  in  all  parrs  of  the  country  from  Maine  to 
California.  Among  the  most  important  of  these  occasional  obserratjons 
are  tliose  made  by  Forbes  on  the  faana  of  elevated  lakes  in  the  Bocky 
MonntaiDs.  The  observatioDS  which  he  has  recorded  were  made  in  the 
course  of  a  preliminary  JDvestigatioD  of  these  lakes  by  the  Uutted 
States  Fish  Commission,  and  constitute  the  only  information  on  record 
with  reference  to  the  lakes  of  the  country  west  of  the  Missouri  Kiver. 
There  are  but  two  localities  which  may  be  listed, however,asindividaal 
resorts  sufficiently  regularly  visited  to  entitle  them  to  more  particular 
mention  in  this  place.  Green  Lake,  in  Wisconsin,  has  been  carefully 
studied  by  Professor  .Marsb,  of  Kipon  Oollege,  and  his  work  has  yielded 
valuable  information  with  reference  to  the  vertical  distribution  of  the 
Crustacea  and  with  regard  to  the  deep-water  fauna  of  the  lake.  Here 
he  was  able  to  confirm  tlie  observation  of  Stimpson,  on  Lake  Michigan, 
tbnt  there  are  found  in  the  deep  waters  of  our  large  lakes  Crustacea  of 
a  parely  marine  type.  At  Lake  Mendota,  in  Wisconsin,  on  the  shores 
of  which  is  located  the  State  University  a  careful  investigation,  extend- 
ing over  a  very  considerable  number  of  years,  has  been  carried  on  by 
Professor  Birge,  of  the  university.  The  results  which  he  has  obtained 
with  reference  to  the  distribution,  both  vertical  and  seasonal,  have 
been  published  by  the  Wisconsin  Academy  and  are  not  only  the  most 
extensive,  but  beyond  all  comparison  the  most  precise  investigation 
which  has  been  made  on  this  problem.  Of  conrse.  in  one  sense,  this 
station  has  no  building,  but  the  scientific  laboratory  of  the  university, 
standing  within  a  stone's  throw  of  the  shore  of  the  lake,  affords  oppor- 
tunities which  are  not  surpassed  at  any  fresh-water  station  in  the 
world. 

The  lake  laboratory,  foanded  in  1880  at  Milwaukee,  Wis.,  owed  its 
inception  and  support  to  the  liberality  of  F.  P.  AUis,  jr.;  it  was  unique 
in  that  a  group  of  investigators  were  kept  at  work  for  years  under  an 
environment  ideal  in  equipment  and  opportunity,  and  were  afforded 
every  advant;ige  for  the  prosecution  of  their  investigations,  so  that  it 
combined  the  advantages  of  the  individual  resort  with  those  of  the 
permanent  station.  One  need  only  mention  the  work  of  the  fonnder  od 
the  lateral  line  of  fishes,  and  the  papers  of  Ayers,  Patten,  Whitman,  and 
others,  to  show  the  influence  it  has  exercised  on  the  development  of 
biological  work  in  our  country.  And  it  should  not  be  forgotten  also 
that  we  owe  the  foundation  of  the  Journal  of  Morphology  and  much  of 
its  support  for  years  to  the  same  generons  jtatron.  The  lake  laboratory 
has  been  temporarily  closed  during  the  illness  and  absence  ftom  this 
country  of  its  founder;  there  is  a  general  hope  that  it  may  soon  be 
reopened. 

Quite  a  nuntlier  of  periodic  resorts  of  the  type  of  summer  laboratories 
arc  to  be  found  in  various  parts  of  the  country.    Some  of  these  are 
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merely  sammer  schools,  sucli  aa  the  Biological  Laboratory  of  the  Ohan- 
taaqaa  College  of  Liberal  Arts,  ou  Lake  Ghaatnuqaa'.  Others  are  both 
for  teaching  and  for  investigation,  while  only  a  smull  namber  are 
exclusively  devoted  to  the  investigation  of  limnologic  problems  from 
one  standpoint  or  another.  The  University  of  Minneeota  maintained 
in  1893  at  Gull  Lake,  near  the  center  of  the  State,  a  laboratory  for 
summer  work  by  members  of  the  university,  and  for  the  prosecution  of 
the  natural  history  survey  of  the  State  under  the  direction  of  Professor 
Nacbtrieb,  of  the  university.  The  State  University  of  Ohio  has  con- 
ducted, since  1896,  a  lake  laboratory  at  Sandusky,  ou  Lake  Erie. 
It  occupies  one  of  the  State  fish  hatcheries,  and  is  supplied  with  the 
necessary  apparatus  by  joint  action  of  the  university  and  State  fish 
commission.  Its  purpose  is  to  afford  a  convenient  point  of  work  for 
the  members  of  the  university,  and  also  to  aid  in  the  prosecntioti  of 
the  State  biological  survey,  which  is  being  carried  ou  by  the  Ohio  Acad- 
emy of  Sciences.  The  inimense  stretches  of  shallow  water,  marshy 
regions,  and  protected  areas,  together  with  the  varied  character  of 
shore  and  the  opeu  lake  within  easy  reaching  distance,  serve  to  make 
Sandusky  perhaps  tbe  most  favorable  place  on  Lake  Erie  for  the  study 
of  the  fresh- water  fauna  and  flora.  The  station  was  closed  a  year  ago, 
owing  to  the  death  of  the  director,  Professor  Kellicott,  but  has  since 
theu  beeu  reopened  under  the  charge  of  I'rof.  Herbert  Osborii. 

In  1895  the  University  of  Indiaua  opened  a  biological  station  on  the 
shore  of  Turkey  Lake,  iu  the  aortheru  part  of  the  State,  under  the 
direction  of  Professor  Eigenmaun,  of  the  university.  A  constantly 
increasing  number  of  students  has  visited  the  station  each  summer. 
The  m^ority  of  them  have  been  teachers  of  the  State  engaged  iu  the 
prosecution  of  work  to  equip  them  for  their  teaching,  but  others  have 
also  assisted  in  carrying  out  a  general  survey  of  the  lake  fauna  and  in 
the  collection  of  material  to  illustrate  annual  variation  and  associated 
problems.  For  comparison,  collections  have  been  made  from  adjacent 
lakes  connected  with  other  water  basins.  In  the  coming  year  the  sta- 
tion is  to  be  moved  to  tbe  shores  of  Winoua  Lake,  some  18  miles  th)m 
the  present  location,  where  two  bnildinga  are  to  be  constructed  for  its 
use  by  the  Winona  Assembly.  Tbe  contributions  from  the  laboratory 
have  been  published  in  the  proceedings  of  the  Indiana  Academy. 

For  a  namber  of  years  tbe  Michigan  fish  commission  maintained  a 
force  of  a  few  scientific  investigators  and  assistants  in  conducting  a 
biological  examination  of  the  inland  lakes  of  the  State,  under  the  direc- 
tion of  Professor  Beigbard,  of  the  University  of  Michigan.  In  1893  it 
was  determined  to  transfier  the  seat  of  operations  f^m  inland  waters  to 
one  of  the  Great  Lakes,  and  by  virtue  both  of  its  convenient  location 
and  of  its  importance  ae  a  famous  spawning  ground  of  the  lake  fish, 
which  bad,however,almost  ceased  to  visit  it,  Lake  St.  Glair  was  decided 
upon  as  the  locality  for  tbe  first  year,  and  the  laboratory  was  located 
on  a  small  bay  at  the  northwest  shore  of  the  lake.    Tbe  party  consisted 
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of  half  a  dozen  Bcieutific  workers,  whose  attention  was  exclasively 
devoted  each  to  his  particular  field,  aod  the  resalts  of  the  survey  were 
pablJshed  iu  bnlletins  of  the  Michigan  fish  commLsaion.  In  1894  the 
station  was  moved  to  Charlevoix,  a  famoos  fishing  region  on  the  eastern 
shore  of  Lake  Michigan,  and  owing  to  the  absence  of  Professor  Reig- 
hard  in  Europe  I  was  requested  to  take  charge  of  the  work.  The  eci- 
entific  force  and  the  methods  of  work  were  similar  to  those  of  the  pre- 
ceding year,  but  the  location  brought  na  in  contact  not  only  with  shallow 
waters,  but  also  with  the  deeper  regions  of  Lake  Michigan,  and  the 
party  made  investigations  and  collections  of  a  precise  character  io  the 
deepest  fresh  water  which  has  as  yet  been  investigated  by  such  methods. 
The  results  of  the  summer's  work  were  published  in  a  bulletin  of  the 
commission.  Unfavorable  financial  conditions  compelled  the  snspeo* 
sion  of  the  work  on  the  part  of  the  Michigan  fish  commission,  but 
American  investigators  owe  much  to  the  impetus  which  has  been  given 
to  such  work  through  their  agency. 

For  many  years  the  United  States  Fisli  Commission  has  been  urged 
to  establish  on  the  Great  Lakes  a  biological  station  similar  to  that 
which  has  long  been  maintained  on  the  ocean,  at  Woods  Hole,  Massa- 
chusetts. Finally,  a  year  ago  a  preliminary  survey  was  undertaken 
with  a  view  to  deciding  the  advisability  of  such  a  movement,  and  Pro- 
fessor Beighard  was  requested  to  assume  the  leadership  of  the  enter- 
prise. The  United  States  Fiah  Hatchery  at  Put-in  Bay,  a  small  island 
in  the  center  of  the  west  end  of  Lake  Erie,  was  selected  as  tbe  seat  of 
operations,  and  a  party  of  scientific  workers  spent  two  months  in  study- 
ing tbe  fauna  and  flora  of  the  adjacent  waters.  It  is  to  be  hoped  that 
this  work  may  develop  into  a  permanent  experiment  station  on  the 
Great  Lakes. 

Among  permanent  American  stations  of  a  technical  character  the 
Experimental  Filter  Station  of  the  Massachusetts  board  of  health, 
located  at  Lawrence,  is  the  best  known,  as  it  is  also  perhaps  the  most 
famous  of  its  kind  in  the  world.  It  has  been  in  continuous  operation 
since  1887,  and  has  conducted  extended  experiments  on  the  biological 
examination  of  drinking  waters.  The  methods  worked  out  in  connec- 
tion with  them  are  now  standard  for  such  purposes.  Similar  technical 
laboratories  are  iu  operation  iu  Boston,  Lynn,  Worcester,  and  other 
cities;  bnt  in  most  of  them  the  biological  examinationof  waters  is  only 
a  secoudary  function.  The  Mount  Prospect  Laboratory,  organized 
recently  in  connection  with  tbe  Brooklyn  waterworks,  and  placed 
nnder  the  direction  of  Mr.  G.  C.  Whipple,  whose  coutribntions  to  lim- 
nobiologic  iitiestions  are  well  known,  is  more  particularly  devoted  to 
tbe  inv^MJi^on  of  questions  connected  with  the  character  of  the 
water  suf  ^  ^nomWDus  samples  taken  from  all  the  sources  of  the 
city's  Bu  w  '       tod  each  week  to  ])hysical,  chemical,  microscop- 

ical,  ail'  li  L  examinations,  and  the  quality  of  the  water 

contMtti  ^k        ke  reports  made  to  the  chief  engineer  serve 
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to  goide  bim  in  tbe  cboice  of  the  sources  from  which  the  water  is 
drawn.  Tbe  resalts  of  snch  studies  are  also  of  great  importance  in 
general  limnologic  qnestions. 

Tbe  University  of  Illiuois  was  extremely  fortunate  in  having  asso- 
ciated with  it,  by  statute,  a  State  laboratory  of  natural  history,  which 
has  been  engaged  for  many  years  in  a  natural-faistory  survey  of  the 
State.  Under  the  direction  of  Professor  Forbes,  whose  pioneer  work 
on  the  lake  fauna  has  already  been  noted,  particular  attention  was 
paid  to  such  questions  as  the  food  of  fresh-water  tishes  and  the  dis- 
tribution of  varions  groups  of  fresh-water  organisms,  so  that  both  by 
preliminary  work  and  in  tbe  person  of  its  director  the  State  labora- 
tory was  peculiarly  fitted  for  the  successful  inangnration  of  an  Illinois 
biological  station,  which  became  possible  under  State  grant  in  1894. 
The  latwratory  secured  a  permanent  superintendent  in  the  person  of 
Dr.  Eofoid  a  year  later,  and  work  has  been  carried  on  continuonsly  by 
a  permanent  force  since  that  date.  The  laboratory  was  unique  in  its 
inception,  since  tbe  director,  Dr.  Forbes,  conceived  the  idea  of  locating 
it  on  a  river  system  rather  than,  as  all  previous  stations,  on  a  lake,  and 
it  was  not  only  the  first  in  the  world,  but  is  yet  the  only  station  which 
has  peculiarly  attacked  tbe  problems  of  such  a  system. 

The  Illinois  liiver  and  its  dependent  waters  were  selected  as  tbe 
field  of  operations  and  Havana,  III.,  as  the  center  of  work.  Tbe 
river  here  presents  in  its  cntrofTs,  bayous,  shallow,  marshy  tracts,  sandy 
areas  with  wooded  margins  and  regions  rf  spring  fed  waters,  and  with 
the  enormous  extent  of  land  covered  at  high  water,  a  variety  of  condi- 
tions which  it  must  be  confessed  could  not  be  surpassed  and  hardly 
equaled  elBewhere.  The  abundance  and  variety  of  the  flora  and  fauna, 
both  in  tliehigher  and  lower  formsof  life,  demonstrate  the  good  judgment 
exercised  in  the  choice  of  locality.  A  noteworthy  feature  in  the  equip- 
ment of  thisstat  ion,  and, so  far  as  I  know,  one  that  is  nuiqne,  is  thefloating 
laboratory,  which  enables  an  easy  transfer  of  operations  to  other  points, 
where  work  can  be  carried  on  for  comparison  or  contrast,  with  equip- 
ment and  environment  as  satisfactory  as  that  which  exists  in  a  perma- 
nent building,  but  with  the  flexibility  and  facility  of  movement  which 
characterizes  field  studies.  The  work  has  been  conducted  uninterrupt- 
edly for  more  than  three  years,  and  the  results  include  studies  on  tbe 
insects  and  their  development,  on  tbe  earthworms,  on  tlie  Protozoa 
and  rotifers,  on  various  groups  of  crustaceans  and  general  investiga- 
tions on  plankton  methods,  and  on  the  distribution  of  the  plankton, 
while  some  work  has  also  been  done  on  the  plant  life  of  water.  These 
studies  have  been  published  in  the  Bulletin  of  tbe  Illinois  State  Iiab- 
oratory  of  Natural  History. 

Let  us  consider,  in  conclusion,  the  function  and  future  development 
of  these  institutions.  It  is  perfectly  clear  that  the  work  of  the  differ- 
ent types  of  fresh-water  stations  will  vary  somewhat  with  the  class, 
and  Zacharias  has  outlined  carefully  the  differences  in  tbe  work  of  the 
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fixed  and  of  tbe  movable  stations.  Bat  these  are,  after  all,  mioor  dif- 
ferences. AU  Btations,  whether  fixed  or  movable,  have  really  tbree 
objects — teaching,  investigating,  experimenting— objects  which  may  be 
subserved  directly  or  indirectly,  or  in  both  ways,  by  each  one  of  them. 
It  is  ODiiuesttonably  Ixne  that  the  tendency  within  recent  yeara  lias 
been  to  make  tbe  uuiversity-trained  scientist  a  laboratory  man,'  aoac- 
quainted  with  work  oot  of  doors  and  among  living  things.  This  has 
reacted  unfavorably  upon  his  teaching  powers,  and  thns  indirectly  ajfoa 
the  entire  school  system.  Sot  that  subjects  in  natural  history  are  not 
better  taught  in  onr  secondary  schools  than  they  were  twenty  jears 
ago,  when,  in  truth,  tbey  were  hardly  taught  at  all,  bat  that  the 
naturalist  today  is  uot  trained  as  an  outdoor  observer  aud  is  little 
capable  of  handling  himself  and  bis  work  in  a  new  enyironmeut.  As 
Forbes  says,  "It  is,  in  &ct,  the  biological  stadoo,  wisely  sod  liberally 
managed,  which  is  to  restore  to  as  what  is  best  in  tbe  naturalist  of  the 
old  school  united  to  what  is  best  in  the  laboratory  student  of  the  new." 
Thns,  both  through  the  iuflaence  of  tbe  investigators  in  the  case  of 
those  stations  which  do  not  cany  on  directly  any  educational  work 
and  through  the  teaching  of  those  which  do  conduct  summer  instruc- 
tional courses,  new  life  will  be  instilled  into  the  teaching  of  natural 
history  throughout  our  conn  try. 

In  the  second  place,  the  freshwater  station  is  a  center  of  investiga- 
tion with  all  its  stimnlating  effects  on  the  individual  thus  brought  in 
contact  with  problems  of  uatare  and  efforts  for  their  solution,  and  in 
tbe  contributions  to  the  ad\-anceinent  of  knowledge  which  are  tbe  &aits 
of  a  careful  wuik  on  the  part  of  its  attaches.  All  that  has  been  said 
of  the  ailrantages  of  marine  stations  appliee  equally  well  to  fresh- 
water laboratories,  together  with  the  added  advantages  that  tbeir 
accessibility  brings  these  advantages  to  considerable  regions  which 
would  otherwise  be  entirely  witbout  them  by  virtue  of  tbeir  distance 
from  the  sea.  It  is  unnece^iisary  that  I  sliould  emphasize  farther  this 
phase  of  the  <iuestiou  or  dwell  upon  the  greater  simplicity  of  biological 
conditions  in  fresh  water  over  those  which  exist  in  the  ocean.  Tbeee 
factors  have  been  forcibly  presented  by  many  writers. 

Finally,  the  fresh-water  station  should  be  above  all  things  an  exper- 
imentitl  one,  aud  in  this  direction  the  most  valuable  results  are  to  be 
looked  fur,  both  ftt>m  tbe  general  scientific  and  from  the  tacbnieal 
standpoint.  To  the  scientist,  this  needs  no  demonstration;  but  it  is 
essential  tbat  the  importance  of  such  work,  especially  for  fish  culture, 
be  more  widely  understood.  The  advance  in  i^ncaltunl  methods  in 
the  I'nitedflMW  is  anque.'^tionabty  due  iu  large  i«rt  to  tbe  de\~riop- 
ment  of  »  f  '^  secteof  agrifultiiral  experiment  stations  in  which 
agrii-ulturf  ,  '  •»  ^-^  been  subjei-ted  to  intensive  experimenta- 
tion. Com  *&  *|  conditions  in  fish  coltore  presoit  almoet 
tbe  iiamam  W  ^t^  '"'^'^  heen  hatched  in  eowMOOs  non- 
bei^^^H              ^^     ^B''^  8ubse«iuent  history  or  what  li 
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done  to  iDsnre  the  safe  development  to  maturity  of  the  fish  1  Present 
methods  have  reached  their  limit  and  the  subject  must  be  attaclied 
firom  u  differeot  standpoint.  Fish  culture  shoald  receive  by  tbe  liber- 
ality of  State  and  nation  the  same  favors  that  have  been  extended  to 
agriculture,  the  use  of  permanent  and  well-equipped  experiment  sta- 
tions, where  trained  workers  shall  devote  their  time  and  energy  to  the 
solution  of  its  problems.  Thoroughness  and  continnity  are  esseutial, 
for  these  x>roblems  really  deal  with  all  conditions  of  esisteuce  in  tbe 
water.  Of  what  does  tbe  food  of  each  fish  consist,  where  is  it  found 
and  in  what  amoaut,  bow  may  it  be  increased  and  improved;  to  what 
extent  and  bow  can  tbe  number  of  fisb  be  mnltiplied,  aud  how  far  is 
this  profitable;  what  are  the  best  kinds  offish  and  what  new  varieties 
can  be  prod  uced  t    These  are  a  few  of  the  many  questions  to  be  sol  vcd. 

Tbe  problems  outlined  are  indeed  vast,  and  yet  we  may  be  confident 
that  their  solntiou  lies  easily  withiu  the  power  of  the  human  intellect, 
for  tbey  are  all  paralleled  in  the  history  of  the  agricultural  development 
of  the  race;  and  man,  relying  upon  bis  success  in  tbe  past,  may  go 
forward  with  supreme  confidence  to  the  attainment  of  their  solution  in 
this  new  field. 

Zoological  Labobatory, 

Thb  University  of  Nebbaska. 
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THE    THEORY    OF    ENERGY    AND    THE    LIVING    WORLD. 
THE  PHYSIOLOGY  OF  ALIMENTATION.'. 


1. — GENERAL  DISCtrsSION  -OP  BHEBOY,' 

A  new  term,  that  of  energy,  was  introdaced  in  the  nataml  sciences 
some  years  ago,  aud  itssignJficaDcebascoQtinnallyJncreased  in  impor- 
tance. Tlie  English  physicists,  and  especially  the  English  electricians, 
have  had  most  to  do  in  bringing  this  new  expression  into  scientific  tech- 
nology. The  idea  which  it  conveys  in  of  the  highest  ntibty  in  its  indus- 
trial applications,  and  it  was  from  an  industrial  origin  that  the  t«rm  has 
been  expanded  and  generalized.  It  is  now,  however,  not  merely  of 
practical  aigoification,  bat  a  theoretical  conception  of  capital  impor- 
tance in  pare  si;ienee.  It  has  indeed  come  to  the  point  of  being  in  itself 
a  science — energetics,  so  called.  Aitboagb  bom  but  yesterday,  this 
new  comer  claims  to  embrace  and  fuse  together  in  itself  all  the  other 
natnral  sciences,  both  physical  and  pertaining  to  life,  wbicb  only  the 
imperfect  condition  of  our  knowledge  bad  till  now  kept  separate  and 
distinct. 

At  the  threshold  of  this  new  science  we  must  inscribe  the  principle 
of  the  conservation  of  energy,  of  which  it  may  well  be  said  that  it 
dominates  natural  philosophy.  The  discovery  of  tbia  principle  has 
market!  a  new  era  and  accomplished  a  profound  revolution  in  our  con- 
ception of  the  universe.  It  is  due  to  a  physician,  Robert  Mayer,  who 
practiced  his  art  in  a  small  village  of  Wilrtemberg.  He  formulated 
the  new  principle  in  1842,  and  successively  developed  its  conseqaeoces 
in  a  series  of  publications  which  appeared  betweeu  1845  and  1851.  These 
remained,  however,  almost  unnoticed  and  ignored  nntil  Helmholtz,  in 
his  celebrated  memoir  upon  the  conservation  of  force,  placed  them 

'  TraDHlated  ftom  Revae  des  DeuxMonJes,  1S9S,  Vol.  CXLVI,  pp.  668-683;  Vol. 
CXLVII,  pp.  189-204;  and  Vol.  CL,  pp.  201-216. 

'  References :  Paul  Janet,  Premiers  principeB  d'eloctrioih^  indnstrielle,  Paris,  1893 ; 
Ch.  Friedel,  Preface  aa  Traits  de  chimie  organiqae  de  A.  B<5hal,  Paris,  1S96;  W. 
Ostwald,  Abn^gi^  de  chtmie  gfafrale,  Paris,  1893;  A.  Boaasse,  IntrodDction  & 
I'dtuiledes  tht<ories  de  la  nii't^anique,  18£6;  A.  Reychler,  Le«  7^^mes  phj'Bico-cbini- 
iques,  1897;  H.  Le  Cbatelier,  Sur  I'^Derg^Uque,  Revue  des  soiences,  1893. 
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^flpc.r'.'.:;  'Jk  xu>;  pij^i-'.L.-^^  '2:«  f'wtei  «f  tfae  nivegat  call 
ir,'j>  [^7  lw->.  ar^  -iilj  t-ro.  ^I<rx«{i:arT  a»d  fndaacntal  thii^s.  to 
«.*-  K^t#T  ac.<i  t^jixTJ-  A^  tl^  v«  wc  «>a9sU  is  rkutgies  in  tke 
or.*  "w  -xt  '-ti.«T  of  ^L*::*  t-Bo  forms.    Ttis  i&.  ooe  ni^t  8»j-,  the  posta- 

To  ^j«  ^ire.  it  u  '!:rt— s:t  to  ^Tt-  «  decnhioa  to  tte  eonecptioii  <rf 
matter  '^'.{•Aa^-Utry  Ut  tLe  cLetd{rbv^«i5u.  It  viDalva^beMliiussiUe 
to  'liM^u-^A  or  eren  to  deny  i:a  ezm«Dce.  Eren  tbe  physicist  or  physl- 
okrj^iAt,  cArinccd  tbat  mao  knows  nothing  except  throogh  his  own 
M;riJKitioii%  and  tliat  be  makes  Dothing  of  them  except  he  fir«t  objectav- 
iTjt  or  prry*^  tbem  from  himself  by  some  ttxt  of  bereditaty  iUnsion, 
may  henit^ite  in  awribing  an  olijective  character  to  matter.  Another 
difficDtty  pre»eiit!(  it^telf  eveo  after  tbiB  one  Is  gotten  over  and  mattw 
cfimcM  to  be  defined  as  that  which  has  extension  or  weight  or  masa 
For,  as  reganlH  weight  as  the  cbarscteristie  of  matter,  physicists 
tMMgmze  s  certain  imponderable  kind  of  matter,  the  ether,  wbjf^h  has 
only  a  fl'>rt  ut  logical  existence,  founded  on  the  necessity  of  a  uediam 
for  ttie  protiaKation  of  heat,  light,  and  electricity.  As  regards  masa — 
tlint  itt,  tlie  mectiatiical  parameter — it  ia  necessary  to  introdace  the  term 
v.ueTKy,  or  the  allied  term,  force,  in  order  to  define  mass,  ao  that  we 
HhouId(»>nHe<iueutIy  be  defining  matteriu  terms  of  energy.  Thus  there 
api>e!irs  to  be  some  reason  to  think  tbe  two  fnndamental  elements  not 
irreducible. 

It  is  necei 
tlieiii  prnvisit 
first  iip])roxl 
weight.  Tlir 
There  ure  si 
<!oni))(miidK,  ( 
history  of  th 
traneroniintit 
shown  that 
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ima^ne  a  system  of  bodies  inclosed  in  a  tight  receptacle  sod  placed 
upon  tbe  pau  of  a  balance,  all  tbe  cbemical  reactions  wfaich  conld  take 
place,  thongh  tbey  profoundly  modified  tbe  form  and  state  of  the  sub- 
stances, wonld  not  be  able  to  affect  tbe  eqoilibriam  of  tbe  balance. 
The  total  weight  remains  unchanged.  It  is  this  eqaality  of  weight 
which  is  expressed  by  all  the  cbemical  equations.  From  a  more  ele- 
vated point  of  view  we  see  here  the  verification  of  one  of  tbe  greatest 
laws  of  nature,  the  law  of  Lavoisier,  or  the  law  of  the  conservation 
of  matter,  or,  still  again,  the  law  of  tbe  indestrnctibility  of  matter: 
"Nothing  is  lost;  nothing  is  created;  everything  is  transformed." 

Tbe  conception  of  energy  is  not  less  clear  than  that  of  matter;  it  is 
only  more  novel.  Its  conception  reqnire-s  ns  to  habituate  ourselves  to 
the  thought  that  there  are  no  isolated  phenomena.  Tbe  older  natural 
philosophy  bad  but  a  limited  view  of  things,  and  considered  them  as 
independent  of  each  other.  Phenomena  were  classed  for  purposes  of 
analysis  into  distinct  groups,  sucb  as  weight,  heat,  electricity,  magnet- 
ism, and  light.  Each  phenomenon  was  considered  apart  without 
reference  to  what  preceded  or  followed  after  it.  Nothing  could  be  more 
artificial  than  such  a  method,  lu  reality  every  manifestation  is  linked 
to  some  other.  There  is  a  metamorphosis  fh>ra  one  state  of  things  to 
another — a  mutation.  A  bond  of  union  connects  the  state  which  is 
anterior  to  that  which  follows — tbe  new  form  which  appears  with  the 
old  form  wbicb  vanishes.  The  science  of  energy  shows  us  that  some- 
thing has  passed  firom  the  one  condition  to  tbe  other,  only  covering 
itself  with  a  new  investiture;  that  in  the  passage  from  one  state  to  the 
other  there  was  something  both  permanent  and  active,  and  that  the 
change  is  but  in  aspect. 

The  thing  which  remaius  constant  under  the  vicissitndes  of  form, 
and  wbicb  counects  in  a  definite  manner  the  antecedent  to  tbe  phenom- 
ena which  follows,  is  energy.  This  gives  us,  however,  but  a  vague  and 
seemingly  arbitrary  view  of  energy.  It  is  to  be  rendered  precise  only 
by  the  study  of  examples  in  mechanical,  cbemical,  thermal,  and  elec- 
trical phenomena.  Energy  takes  on  correspoudiog  forms  tbroughont 
these  diverse  modes. 

Mechanical  energy  is  the  most  simple  and  the  earliest  known  of  these 
various  forms.  Mechanical  phenomena  may  be  known  through  two 
fuudamcntal  conditions,  space  and  time,  which  are  of  logical  origin; 
and  to  these  is  joined  a  third,  wbicb  is  solely  tbe  result  of  experiment 
(its  origin  being  in  our  outward  sensation),  which  is  known  either  as 
force,  as  work,  or  as  power. 

Our  ideas  of  force,  work,  and  power  have  their  source  in  the  muscu- 
lar activity  of  man.  In  their  definition  and  development  tbey  have 
employed  tbe  genius  of  the  greatest  mathematicians  fh)m  Descartes  to 
Leibnitz. 

A  man  supports  a  burden  without  stooping  or  beading.  It  is  a 
weight — that  is,  a  body  or  mass  under  the  influence  of  the  force  of  grav- 
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iCf — vhKh  in  oppnnnii^  his  cfliMtB.  and  Ac  Baa  excrW  a  fi—ta  ■■fckiit 
Ta  fksttrny  tb«  MEert  «f  the  wci^kC  TkM  efleet.  vkick  »  Bonified  bj 
Um  eAiMt  nf  rh«  Baa.  »«aJ>l  b«  to  caaaK  tlM  bodr  to  bIL  TW  isu't 
«4hrt  in  in  f<ini!i'r>niui  vith  tb«  wi^i  xwi  is  cqaal  and  0f»p(«ite  to  it. 
It  JtiTftH  him  tb«  oentutiaB  «f  etoting  ione.  tkst  is  to  ^y.  tbe  actJoB 
whirh  M  able  to  prwIiKe  •«  present  mobim. 

Th«  BBiKiilar  antiTitj  of  bsd  naj  b«  caDed  <mx  in  anocber  wsj. 
When  workmMi  are  enplAroi.  m  Caraot  has  aaid  in  his  essay  npoa 
oiQilibrinmaad  motion,  it  i»  «f  no  nmaMjaesee  -  to  know  what  bardeu 
they  can  reanonably  rapport,"  tmt  only  tboac  wfaiek  they  can  carry. 
'^TbiM  in  the  meaning  attached  to  the  word  Son*  when  it  is  said  that 
the  bone  haM  the  forre  of  seren  men.  It  is  not  meant  that  if  the  horst 
pallii  one  way  and  aereD  men  the  other,  their  tforts  will  1>«  in  aioi- 
jibrinm,  but  that  in  a  piece  of  work  the  hone,  for  example,  coald  raise 
»«  mn(;b  weight  to  a  given  height  in  a  giren  time  as  seven  men."  Bcre 
we  are  roricenie«I  with  the  second  form  of  moscalar  activity,  which  is 
called  in  meehaDia)  work,  if  we  do  not  lay  porticiilar  stress  on  the 
wordn  "in  a  given  time,''  and  think  only  of  employing  moscnlar  activ- 
ity with  reference  Aolely  to  it«  final  result.  Meebanical  work  may  be 
expn^xfled  in  term»  of  raiitiDgr  a  weight;  and  it  is  measored  by  tfae  prod- 
act  of  the  force  (umd  in  the  asaal  sense,  that  is,  meaning  the  caase  vX 
motion  or  the  hindrance  to  motion)  by  the  distance  thraagh  which  It 
ennNen  motion.  The  nQit  of  work  is  the  kilogram-meter,  or  the  work 
repaired  to  raiw  a  weight  of  a  kilogram  to  the  height  of  a  meter. 

Time  doeK  not  enter  into  the  entimatioD  of  work;  for  this  conceptioD 
in  entirely  free  from  considerations  of  time  or  velocity.  "The  greater 
or  less  rapidity  with  which  we  ezecnte  a  piece  of  work  can  not  serve  as 
a  mPOHuri!  of  itn  amount,  any  more  than  the  number  of  years  tbat  a 
mnn  upt^ndH  in  growing  rich  or  in  mining  himself  indicates  the  rise  or 
decline  of  his  fortune." 

To  revert  to  the  comparison  of  Carnot,  a  farmer  who  employed 
Ifthororn  only  by  the  job,  and  who  would  care  only  for  the  quality  of 
work  lrrRHi)e<;tive  of  the  time  it  occupied,  would  be  at  the  same  point 
of  view  as  those  wlio  discasH  the  theory  of  mechanics,  H.  Bonasse, 
whom  wr>  follow  here,  remarks  that  this  idea  of  work  is  dne  to 
Dnm^art't^s.  His  predecessors,  and  particularly  Galileo,  had  an  entirely 
diU'ernnt  method  of  measuring  mechanical  activity,  and  the  same  is  tme 
of  his  Hitrcesnors,  the  mathematicians  of  the  eighteenth  ceutoiy. 
I«lbuit7,  and  still  later  Jean  Bernouilli  were  almost  alone  in  adopting 
this  view. 

It  is  precisely  '  work  tbat  constitutes  the  conception  of 

nuHUiAuical  oner  >nt8  the  ilnrable  effect  of  mechanical  ac- 

tivity indc|«nde  "umstanceti  of  ita  execution.    The  same 

work  ma>'  l>e  do  fferent  conditions  as  regards  the  time, 

vvliM'ity,  and  (bi  aocomptisbroent.    Energy  is  tber«f<H« 

the  wmstant  ele  t  of  the  variety  of  mechanical  aspect 
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It  is  that,  for  iustance,  which  in  the  collision  of  bodies  remains  to  effect 
the  rebound.  We  say  that  the  energy  is  conserved  invariable  amid  all 
mechanical  transformations. 

In  the  histoty  of  mechauics  we  learn  with  what  difficnlty  the  ideas 
of  force  and  work  (now  known  as  mechanical  energy)  have  been  dis- 
tinguished. Force  has  no  objective  existence,  no  duration,  no  perma- 
nence. It  is  measured  by  its  effect,  the  motion  which  it  produces. 
When,  for  example,  au  hydraulic  press  is  put  in  o|>eratiou,  there  ie 
exerted  upon  the  platform  exactly  the  same  work  which  is  expended 
at  the  piston.  The  machine  only  produces  a  change  in  the  manner  of 
doing  work.  But,  ou  the  other  hand,  the  force  is  multiplied  indefinitely. 
The  whole  surface  at  the  platform  muy  be  considered  as  made  up  of 
small  areas  each  equal  to  that  of  the  small  piston  and,  by  Pascal's 
principle,  each  acted  upon  by  the  same  pressure  applied  at  the  piston. 
The  moment  this  pressure  ceases,  the  relatively  infinite  pressure  at  the 
,  platform  falls  to  zero.  What  real  thing  can  fall  iustautly  n-ominQnity 
to  zero!  Work  and  force  belong  to  different  orders  of  things;  they 
can  not  have  the  same  expression.  Force  is  a  vector  quantity;  that  is, 
it  includes  the  idea  of  diretstion.  Work  is  a  scaler  quantity,  which 
admits  of  the  opposition  of  senses  involved  iu  the  terms  plus  and 
minus.  Energy,  and  iu  this  only  it  differs  from  work,  is  a  quantity 
admitting  not  eveu  opposition  of  sign.  We  shall  see  a  little  further  ou, 
however,  that  a  very  eminent  physiologist,  M.  Chauveau,  has  proposed 
the  same  term,  "  the  energy  of  contraction,"  for  the  two  phenomena  of 
effort  and  of  work.  It  might  seem  from  the  point  of  view  of  the  ex> 
peuditnre  of  the  organism  that  these  two  modes  of  activity,  the  con- 
traction static  and  the  contraction  dynamic,  are  really  comparable. 
But  although  this  way  of  regarding  the  matter  may  be  iwrfectly 
exact  and  of  valne,  the  author's  persistence  in  using  nomenclature 
contrary  to  the  received  usage  has  prevented  the  acceptance  of  very 
nseful  facts  by  physicists  and  even  by  some  physiologists. 

The  idea  of  mechanical  power  diS'ers  from  either  that  of  force  or  of 
work.  It  includes  the  idea  of  time.  In  describing  a  mechanical  oper- 
ation it  is  not  sufficient  to  give  the  amount  of  work  done,  for  the  time 
occupied  is  an  important  factor.  This  is  especially  the  case  when  the 
conditions  of  accomplishment  are  being  considered,  as  in  comparing 
machines.  The  one  which  does  the  work  in  the  shortest  time  is  called 
the  most  powerful.  The  unit  of  power  is  that  of  a  machine  which  exe- 
cutes 1  kilogram -meter  in  a  second.  For  industrial  purposes  a  unit  76 
times  as  great  as  this,  called  thecbeval-vapeor,  is  frequently  employed. 
It  is  the  power  of  a  machine  which  does  T5  kilogram-meters  per  second. 
In  electrical  industries  power  is  reckoned  in  kilowatts  (equal  to  36 
cheval-vapeur)  or  in  watts,  a  unit  one-thoasaodth  as  great. 

It  is  useless  to  attempt  to  determine  the  power  of  the  human  machine 
relative  to  industrial  machines;  for  experiment  has  shown  that  the 
mechanical  power  of  living  beings  depends  upon  the  nature  of  the  work 
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'Ifinf,  '•  iny  :nrt>r>>:<nn9  rramarKtieti  npmi  Efais  muBmr  mwst9  ea^iBaai- 
<*rfrort  ly  -<it>  i-^Hhrartyt  pby^iiotr.  Ooldab.  B>  Cha  inroOECB  is  eke  jnr 
IT^tT,  A  .-n:>n  •\f  T't  tt.logranw  -kvaagf  weg&c  was  oeenpicd  wickaB- 
(•>>Ti'l,n>;  rho  *rA^r*nf  A  bnnxe  :M  necan  lugb.  H«  Made  cbe  JMCfniM 
;tr.  *hA  r^ri*  'it*  [  t  mer.i>n  »  minnte  ao4  liepc  sp  chia  race  dBeetncly  fet 
(hnr  if^nr'.  The  work  rhnf«  ilonewaa  itgaiTal^t  te  ^35>jlllM  kiiogran- 
mAt(>r'.  1^1  ^  nh*>n  lnrtr«>ad  oCnonBCiagwitbaittlMid  tkevaa  wasvade 
ro  rarry  *  v^.u^t.  th*^  n^Halt  ww  qoite  diAeTeBC  Coaloaal/s  labonr 
KtrriH  n  p  It  lond^  oi*  w<Mit  is  a  d^r  b>  a  bngkt  of  12  meters  id  GC 
rrip4.  Tb.4  W'>nj(l  i;r>iT«^poa(t  to»Baxiinnn  wnrfc of  lOSJMin  kiloicnB- 
rn-^r*,  in.*r<-ad  af  i:i.'>,'i')0. 

KnfiTsry.nr  mM-bAni'^I  wnrk.  may  be  di;*«weted  in  two  formd — mttaal 
or  kin*-f  IT,  nn^-rrj;^,  coir*^ ponding  tn  a  BKbaoicsl  aetioD  being  actnallf 
jifTfflTTnwJ,  and  [nitentiAl  eneruj,  or  energy  in  lucive. 

A  tt>K\y  wli<>n  raj.'v^l  tA  a  <rertaiD  height  derelope  in  ite  foil  u 
firnonnt  rrf  vork  in  kilfif;nuB-iDetrr«  eqnal  to  the  product  (rf'  its  weight 
hy  ttiK  dJMUn'f!  throngh  wbi«h  it  (alia.  Tfat»  work  may  be  applied  in 
rarimin  wnyn.  In  thin  way.forexample, public  clocks  aredriven.  Nov, 
when  thf.  weight  in  being  wotiod  np.  wbeo  the  works  are  lax,  and  no 
moti'ii)  ncciirn,  thf;  aniHent  pbyncs  woald  say  that  there  was  aotbinf 
tn  f'lTmi'UT,  Tbe  phenomenon  is  the  fall.  That  will  take  place,  bat 
for  tlpe  moment  thert;  in  nothing  occarring. 

In  niHTgeMrH  the  rtrasoning  is  different.  The  body  is  said  to  posscai 
a  Rft]>(u;ity  Tor  work  whi(;fa  it  manifests  upon  a  saitable  occasiou;  it  h»  I 
nUtTei\n\t  eniTgy,  the  power  of  exerting  energy,  or  potential  energy. 
Wlion  the  bcMly  ftilln,  this  potential  energy  becomes  transformed  into 
nchinl  or  kinotic  energy.  The  work  done  by  tbe  weight  in  falling  ii 
pxm-tly  M|nnl  and  op|>ositc  to  that  done  in  winding  tbe  clock.  This  is 
tli«>  punirro  or  thn  energy  gradnally  expended  in  eight  or  fifteen  days 
In  thd  n>giihtr  movement  of  the  hands  and  tbe  striking  of  the  hours. 
Thn  full  ix  the  wmnterpart  of  the  elevation.  There  is  recovered  in 
tlio  srconil  pliiVHe  of  tlio  phenomenon  exactly  the  amonnt  of  enwgy 
c'xiH'ntit'il  III  llip  llrst.  lictwc(iii  tbe  two  phases  may  intervene  as  long 
n  iltnti  itH  i)iHi  pleiiHcs,  during  which  the  energy  slumbers,  as  it  were, 
iiiiil  of  which  M  i>  H|ieuk  us  a  |M>riod  of  potential  energy,  Tbas  the  am- 
not'tintr  link  Ix'twcon  tho  phenomena  iti  maintained  ever  present,  and 
tl»'  cncrjry,  uovt-r  lost  sight  of  in  tlieso  conceptions,  is  not  a  new  thing 
when  it  rt'HpiH'His.  Thus  we  wiiceive  of  energy  as  something  real, 
iud<>Hlriuiit>U>,  mid  olcnutl,  having  an  ol)ie«-tive  existence;  sometimes 
rcv«'itling  itficif,  xoiiu'liiiics  ttlunibering ;  now  manifest,  now  latent. 

Similin  ly  I  he  lli>"  "'"  '  '  -ix'nt  of  wuter  in  a  moontainoos  region  may 
Ih>  ntlli-od  to  d'  t  wbtHMs  ami  turbines  of  the  mills  in  the 

vnlU\v.     The  ft*'  pn^hutvs  nuvhaiiical  work  which  voold 

)>«>  N  cnNUioi)  c  :iuI<\-*<«lont  iihonoinena  wexe  not  taken 

rt.Hvnni  .'f.     ll  h.»t  ihisi*  I'tit  a^aseof  tw«itMioo.far 

tlw  w«t»'i-  ««-■*  1  ;»*■*  towb:ch  it  c 


..CooqIc 


THE   THEOBY  OP  EMEBOV  AND  THE  LIVING  WOBLD.       521 

by  the  action  of  Dataral  forces.  Thns  it  was  evaporated  b;  the  heat  of 
the  SQD,  formed  into  clonds,  traoBferred  by  the  winds,  etc.  Here,  then, 
is  bat  an  example  of  a  complex  energy  traoBformation,  first  ^om  actual 
to  potential  energry,  and  then  back  again,  witii  neither  loss  nor  gain. 

There  are  as  many  forms  of  energy  as  of  distinct  varieties  of  phe- 
nomena. Fbysicista  distiogniBh  two  species  of  mechaaical  energy — the 
energy  of  position  and  energy  of  motion.  There  are  several  varieties 
of  the  former  species,  including  distance  energy  or  force,  of  which  we 
have  already  spoken;  snrface  energy,  corresponding  to  the  phenomena 
of  aorface  tension,  and  volame  energy,  which  corresponds  to  the  phe- 
nomena of  pressure.  It  would  be  useless  for  the  purposes  we  have  in 
view  to  discuss  mechanical  energy  at  great  length.  It  Ib  more  impor- 
tant to  show  briefly  that  the  various  known  forms  of  energy  may  be 
transformed,  the  one  into  the  other.  These  forms  are  heat,  electrical, 
magnetic,  chemical,  and  radieut  energies. 

It  is  taught  nowadays  in  all  elementary  treatises  on  physics  that 
mechanical  work  may  be  transformed  into  heat  and  reciprocally  heat  into 
mechanical  work.  Friction,  collision  and  percassion,  compression  and 
expansion,  destroy  or  annihilate  ttie  mechanical  energy  commnnicated 
to  a  body  or  to  the  parts  of  a  machine.  At  the  same  time  that  the 
motion  disappears  heat  appears.  Examples  are  abundant.  There  is 
the  box  of  the  wheel  heated  by  the  friction  of  the  spindle;  the  ignition 
of  particles  of  steel  broken  off  in  breaking  the  stone;  the  melting  of 
two  pieces  of  ice  by  Davy  by  rubbing  them  together,  although  sur- 
rounded by  objects  below  the  freezing  point;  the  boiling  of  water  by 
drilling,  as  observed  by  Bumford  in  the  bHoring  of  bronze  cannon  in  1790; 
the  ignition  of  particles  of  metal  in  beating  upon  the  anvil ;  the  rise  of 
temperature  even  to  the  point  of  fusion  in  lead  balls  fired  against  a 
resistiug  obstacle,  and,  finally,  the  origin  of  fire  in  the  fable  of  Prome- 
theus by  means  of  rubbing  pieces  of  wood  together  in  the  way  still 
called  by  the  Hindoos  prS  mantha.  There  is  a  couBtant  correlation 
between  the  phenomena  of  heat  and  motion,  a  correlation  which  has 
become  so  well  known  that  observers  have  ceased  to  verify  it  by  indi- 
vidual cases.  There  is  no  destruction  in  the  true  sense  of  the  word. 
That  which  is  lost  in  one  form  reappears  under  another,  giving  the 
impresBton  of  something  indestructible,  which  manifests  itself  in  suc- 
cessive diBgaises.  This  impression  is  translated  Into  words  in  saying 
that  mechanical  energy  is  metamorphosed  into  thermal  energy. 

This  interpretation  takes  on  a  character  of  startling  precision  when 
these  mutations  are  examined  with  the  almost  absolute  accoracy  of 
physical  measarement.  It  is  then  shown  that  the  rate  of  the  exchange 
is  invariable.  The  transformations  of  heat  into  motion  and  vice  versa 
are  accomplished  in  accordance  with  a  vigorous  numerical  law,  which 
fixes  theqnantity  of  energy  of  the  one  kiud  transformed  into  the  other. 
The  mechanical  effect  is  evaluated,  as  we  have  said,  in  work ;  that  is,  in 
kilogram-meters.    Heat  is  measured  in  calories,  the  calorie  being  the 
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energy  is  much  in  evidence.  We  shall  admit  the  existence  of  a  latent 
state,  or  state  of  potential  chemical  energy.  In  the  example  just  given, 
the  carbon  nuder  the  preliminary  excitation  combines  with  oxygen  and 
forms  carbonic  a<^id  gaa.  The  potential  energy  becomes  actnal  energy 
and  immediately  is  transformed  into  heat.  A  very  incomplete  and 
i^gmentary  conception  of  the  matter  would  be  formed  if  the 
phenomenon  of  combustion  solely  were  regarded  and  it  was  neglected 
to  inquire  after  the  source  of  the  energy  tbns  dissipated.  The  ante- 
cedent fact  is  the  action  of  the  sun  upon  growing  vegetation.  The 
carl>on  which  bums  in  the  furnace  of  the  engine  comes  from  a  mine 
where  it  was  accumulated  in  the  state  of  coal,  a  primitive  vegetable 
product  which  waa  formed  indirectly  from  the  carbonic  acid  of  the  air. 
By  the  aid  of  the  solar  energy  the  plant  had  separated  the  carbon 
from  the  oxygen  to  which  it  was  united  in  the  carbonic  acid  of  the 
atmo.sphere  and  had  created  potential  chemical  energy,  which  through 
the  lapse  of  ages  awaited  its  utilization.  Combustion  dissipated  this 
energy  in  re-forming  carbonic  acid. 

The  fecundity  of  the  conception  of  energy  is  seen  from  these  examples 
to  lie  in  the  connection  which  it  establishes  between  the  phenomena  of 
nature,  and  that  it  thus  reestablishes  a  proper  articnlation,  necessarily 
broken  in  the  ancient  analytical  view  of  the  sciences.  We  are  led  to 
see  in  the  phenomena  of  the  world  nothing  but  the  mutations  of  energy. 
In  these  mutations  themselves  we  see  the  circulation  of  an  iudestructible 
agent,  which  passes  from  one  form  to  another  as  if  it  but  changed  into 
disguise.  If  onr  intellects  required  images  or  symbols  to  embrace  the 
facts  and  seize  nt>on  their  im)>ort  they  are  at  hand.  They  materialize 
energy,  malting  of  it  a  sort  of  imaginary  being  and  conferring  upon  it 
a  real  objectivity.  It  then  becomes  for  the  mind,  on  condition  that  the 
latter  does  not  become  the  dupe  of  a  phantom  itself  has  raised,  an 
arti&ce  eminently  comprehensive,  and  capable  of  rendering  the  greatest 
assistance  in  grasping  the  relation  and  affiliation  of  phenomena. 

The  world  then  appears,  as  we  said  at  the  beginning,  to  be  con- 
structed with  singular  symmetry.  It  offers  ns  nothing  but  mutations 
of  matter  and  mntations  of  energy.  These  two  kinds  of  metamorphoses 
are  governed  by  two  laws  similar  and  necessary,  the  conservation  of 
matter  and  the  conservation  of  energy,  which  these  maintain,  the  first, 
that  matter  is  indestructible  and  passes  from  one  pbeuomena  to  another 
in  integrity  and  eijnality  of  weight;  the  second,  that  energy  is  inde- 
structible, and  that  it  passes  from  one  phenomena  to  the  other  in  rigid 
eqniv.^lence  numerically  determined  by  the  researches  of  physicists. 

The  first  problem  of  energetics  is  to  examine  the  different  forms  of 
energy,  to  consider  them  in  their  relation  to  each  other,  to  determine 
if  their  mutual  transformations  can  be  directly  realized,  and  if  so  to 
follow  this  means  to  determine  their  qnantitative  equivalence.  This  is 
a  laborious  task,  which  extends  over  the  whole  field  of  physics. 

Such  an  examination  sufllcea  to  show  that  mechanical  energy  may  b 
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transformed  into  all  tbe  other  fonnB  and  all  the  other  fonns  into  it. 
vith  one  exception,  that  of  chemical  energy.  Oar  knowledge  of  the 
rdle  of  pressure  in  dissociation  reactions  seems  at  first  to  abolish  thi.> 
restriction.  But  this  appearance  is  deceptive.  The  pressare  does  not 
enter  into  this  operation  except  as  a  preliminarf  condition  or  incentire. 
merely  patting  tbe  bodies  in  snch  a  state  relative  to  each  other  that 
chemical  affinity  can  come  into  play. 

Id  connection  with  the  calorific  and  laminoos  forms  of  radiant  enra'gT 
it  should  be  not«d  that  they  are  not  as  distinct  as  was  believed  by 
the  older  physicists.  To  consider  the  matter  objectively,  there  is  no 
light  withoat  heat  It  is  the  same  agent  which  at  a  certain  interval  in 
its  scale  differently  impresses  the  skin  and  tbe  retina  of  men  and  ani- 
mals. The  difference  in  sensation  is  to  be  impnted  to  tbe  diversitrf  of 
the  organ,  not  to  the  diversity  of  the  agent.  At  lesser  decrees  of 
activity  this  agent  exercises  no  effect  either  on  the  termioatioiis  of  the 
thermal  nerves  of  the  skin  or  on  the  retina.  As  its  degree  of  actinty 
augments  (infta-red  heating)  the  thermal  nerves  are  first  impressed, 
and  quite  to  the  exclusion  of  the  nerves  of  vision.  Hext  both  ue 
impressed  (sensation  of  light),  and  finally  tbe  sight  only  is  affected. 
The  transformation  of  energy  therefore  redoces  itself  in  this  case  U> 
the  possibility  of  intensifying  or  diminisfaing  the  action  of  the  common 
agent  to  snch  conditions  as  suit  the  passage  frmn  one  atate  to  anotbw. 
and  this  may  easily  be  brought  abont. 

It  may  be  remarketl  tliat  this  form  of  energy  of  which  we  have  beea  i 
speaking  can  not  be  transformed  directly  into  chemical  energy.  To  bt 
sure,  ratliant  energy  favors  and  determines  many  chemical  reactions. 
bnt  if  we  go  down  into  the  root  of  the  thing  we  mnst  admit  that  tbe 
nuliation  serves  only  to  incite  the  phenomena,  to  prepare  for  tbe 
chemical  reaction,  to  put  the  bodies  into  soch  a  state  (liqnid,  perbape. 
or  vai>or)  or  temperature  (400  for  iustancein  the  combination  of  oxygen 
and  hydrogen)  as  snits  tbe  entrance  upon  the  scene  of  chemi<»l  affinity. 
Oq  the  contrary,  chemical  energy  may  be  transformed  into  beat  and 
radiant  energy,  as  could  be  illustrated  by  nnmerons  examples  in  which 
no  other  forma  of  eiiergj-  are  pretient,  and  by  others  where,  as  in  tbe 
combustion  of  hydrogen  and  carbon,  or  in  explosive  decompoeitioiis, 
reactions  contiune  of  themselves  when  once  initiated. 

(.>ther  restrictions  itp[»ear  in  studying  the  laws  which  govern  the 
transformations  and  transference  of  heat  energy,  the  most  important 
of  which  niaint;)ins  the  impos^bility  of  beat  transfer  from  a  body  at  • 
lower  to  a  body  at  a  hijrher  tem)>eratare.  As  the  result  of  all  these 
restrictions  hea»  '  -  -  '-  iprfect  form  of  the  aniversal  onergy,  or,  as  it 
is  expressed  b-  .a  tiegraded  form. 

Ui)  the  otht  ^I  energy  reprv««nt8  a  pesfect  and  highly 

a4lvaatageou$  iniversal  energy,  and  this  explains  the 

immense  devf  as  taken  place  in  its  indBstnal  applica- 

tion within  le  r.    Not  that  it  is  better  known  ttan  tbe 
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others  in  its  essence  and  in  the  last  analysis  of  its  actions;  quite  the 
contrary!  Its  nature  is  still  discussed.  Some,  in  oousideration  of  its 
immense  velocity  of  transmission  and  its  similarity  to  light,  have  con- 
sidered it  to  be  a  veritable  flow  of  the  ether,  lilie  Father  Secchi,  who 
assimilated  it  with  the  How  of  water  In  a  coudoit.  According  to  this 
view,  electrical  work  is  comparable  with  that  done  by  water  pressure 
in  the  hydraulic  motor.  Thus,  electricity  itself  would  not  be  a  form  of 
energy,  but  only  a  vehicle  for  energy.  However,  most  physicists  follow 
the  view  of  Clansius  and  more  recently  of  Hertz,  who  held  that  it  is  not 
energy  itself  which  is  thus  propagated,  but  a  vibratory  motion.  Be 
that  as  it  may,  the  most  characteristic  projierty  of  electrical  energy  and 
that  which  renders  it  of  the  greatest  value  is  its  extraordinary  capac- 
ity for  transformation.  All  other  known  forms  of  energy  may  be  con- 
verted iuto  electrical  energy  and  conversely  with  the  greatest  facility. 
This  extreme  docility  assigns  to  electricity  the  role  of  intermediary  in 
the  transformation  of  the  other  less  tractable  agents.  Mechanical 
energy,  for  example,  is  not  readily  transformed  into  radiant  energy. 
A  fall  of  wat«r  can  not  be  directly  atilized  for  lighting  purposes,  bnt 
in  the  installation  of  industrial  lighting  plants;  the  wat«r  power  is  first 
caused  to  drive  a  dynamo,  which  then  feeds  the  incandescent  or  are 
lights.  Otherwise  unavailable  mechanical  work  is  constantly  being 
turned  into  electrical  energy,  and  the  latter  into  heat  and  light.  Elec- 
tricity has  taken  up  the  poet  of  an  intermediary  agent. 

And  now  if  we  wish  to  develop  the  programme  of  the  science  of 
energy  it  is  necessary  to  indicate  the  second  great  principle,  that  which 
according  to  Hobert  Mayer  coutrols  all  its  transformations,  the  princi- 
ple of  Oarnot.  Kext  it  should  he  shown  by  some  numerical  example, 
some  concrete  illustration,  how  contemporary  science  has  taken  account 
of  the  nature  and  the  transformations  of  energy.  Following  this  the 
kinetic  theory  should  be  expounded.  The  universe  of  matter  according 
to  this  theory  is  conceived  as  animated  by  two  kinds  of  motions,  the 
visible  and  the  molecular.  An  historical  treatment  should  be  followed 
of  the  manner  in  which  this  hypothesis  was  introduced  in  physical 
science  owing  to  the  necessity  of  taking  account  of  the  phenomena  of 
the  propagation  of  light;  how  it  was  formed  in  the  study  of  heat;  how 
made  precise,  thanks  to  (Jlansius  and  Maxwell,  io  the  case  of  gases, 
and  how,  finally,  it  has  been  extended  to  the  manifestations  of  elec- 
tricity and  magnetism.  We  can  not  undertake  this  task  here  for  two 
reasons.  The  first  is  that  the  kinetic  theory,  which  has  scarcely  yet, 
through  infinite  pains,  arrived  at  its  fall  elaboration,  already  shows 
signs  of  decadence  and  ruin.  Physical  theorists  of  one  school  already 
express  doubt  of  the  existence  of  the  ether,  the  medium  necessary  for 
the  propagation  of  the  radiant  energy,  and  they  deny  that  electricity 
is  a  mode  of  motion  or  even  that  heat  and  light  are  such.  They  deign 
to  erect  nothing  upon  the  ruins  of  this  theory,  which  has  become  so 
Qrmly  rooted  upou  the  contemporary  mind  that  it  is  in  some  sort  a  part 
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the  vital  principle  exterior  to  tbe  living  being,  independent  of  its  anb- 
stance,  bonded  to  it  temporarily,  working,  it  might  be  said,  with  haman 
bands,  and  accomplishing  tbe  deeds  and  actioua  of  life,  and  at  last 
qnitting  the  body  which  bad  served  as  its  hostelry,  nut  perhaps  under 
tbe  form  of  a  batterfly,  tbe  graceful  genius  of  the  Greeks,  but  in  a  man- 
ner equally  real  if  less  visible.  The  vitaliats  of  the  middle  ages,  like 
Paracelsus  anil  Van  Helmont,  had  divided  up  this  priociple  of  life  into 
subordinate  principles,  and  multiplied  these  peraonifloatious  under  the 
name  of  arcfaes.  Some  trace  of  tbein  may  be  discovered  in  tUe  vital 
proiterties  of  Bicbat  and  others  of  the  modems,  phantoms  which  CI. 
Bernard  loved  to  compare  to  the  nymphs,  dryads,  and  sylvans  of 
mythology. 

In  the  face  of  physicians  and  philosophers  who  explained  the  phe- 
nomena of  life  as  tbe  liberated  activity  of  a  vital  principle,  distinct  or 
not  from  the  thinking  soul,  arose  an  adverse  system,  the  mechanical. 
The  scientific  spirit  has  evinced  iu  all  epochs  a  lively  predilection  for 
this  doctrine,  and  in  onr  day  it  has  finished  by  adopting  it  and  con- 
fonndiug  the  other.  A  single  order  of  tfaings  now  embraces  life  and 
the  physical  phenomena,  for  all  the  phenomena  of  the  universe  reduce 
to  an  identical  mechanism,  and  are  represented  by  tbe  atoms  and  their 
motion.  This  conception  of  tbe  world  which  the  philosophers  of  the 
Ionic  school  had  originated  in  remote  antiquity,  and  which  Descartes 
and  Leibnitz  later  had  modified,  has  come  down  to  as  under  the  name 
of  the  kinetic  theory.  The  mechanism  of  atoms,  ponderable  or  impon- 
derable, contains  the  explanation  of  all  phenomena.  Physical  properties 
and  the  manifestations  of  life,  the  whole  world  even,  ofiers  nothing  in  the 
last  analysis  but  motion.  All  phenomena  are  expressed  by  an  atomic  - 
integral,  and  in  this  we  And  the  majestic  unity  which  dominates  modern 
physics.  The  forces  of  life  can  not  be  distinguished  in  their  ultimate 
examination  from  other  natural  forces ;  all  are  confonnded  in  molecular 
mechanics. 

Without  arguing  the  philosophical  value  of  this  doctrine,  which 
indeed  has  justified  its  sway  over  physical  sciences  by  the  discoveries 
to  which  it  has  given  rise,  it  may  be  observed  that  it  has  been  of  small 
aid  in  biology.  It  is  precisely  because  it  descends  too  profoundly  to 
the  root  of  the  thing  and  that  it  is  analytic  to  the  last  degree  that  it 
ceases  to  explain.  The  step  is  too  far  firom  the  hypothetical  atom  to 
the  apparent  and  concrete  facts  for  the  former  to  assist  in  accounting 
for  the  latter.  The  tangible  vital  phenomena  lose  their  proper  appear- 
ance, and  can  no  longer  be  recognized  in  their  traits,  either  specific  or 
universal. 

On  tbe  other  hand,  the  theory  of  energy  conduces  to  a  conception 
quite  as  general,  but  at  the  same  time  more  sure,  more  comprehensive, 
and  sufiiciently  near  the  reality  to  be  translated  into  facts,  and  contin- 
ually to  acquire  new  vigor.  Its  introduction  in  biology  dates  but  from 
yesterday  as  it  were,  bnt  it  h^s  already  taken  a  considerable  place  and 
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reodered  valoable  servioe.  It  has  inspired  researches  replete  witb 
interest,  and  has  renoTated  the  appearanca  of  certaic  branches  of 
physiology. 

It  begins  to  Itave  a  place  Iq  the  courses  of  higher  iustmction  id  th« 
aniversities  of  Oermaay,  America,  and  Prance.  M.  Ghaaveaa  is  tlw 
foremost  exponent  of  these  oev  tendencies  among  as;  his  works  and 
those  of  his  stndents  form  the  most  important  contribatioD  (of  onrtime 
to  the  constitntiou  of  physiological  energetics. 


The  doctrine  of  energy  vas  first  conceived  in  physiology  before  it 
vas  taken  ap  in  the  department  of  physics  witb  sach  eztraordinar; 
acceptation.  Kobert  Mayer  was  a  natnralist  and  a  physician.  Hehn- 
holtz  was  a  physiologist  before  he  became  a  physicist.  Beth  saw  in 
the  new  idea  a  [wwerful  instrament  for  physiological  iovestigatioii. 
The  publication  in  which  Uayer  set  forth  in  1845  his  remarkable  Tten 
on  the  movements  of  organisms  in  their  relation  to  nutrition  and  the 
commentary  of  Helmholtz  dispel  ail  donbt  in  respect  to  their  pt»aitic«ii 
in  this  regard.  The  "  Remarks  upon  the  mechanical  e<iuivalent  of 
heat"  were  pnblished  abont  six  years  aiter  this  first  work. 

The  doctrine  of  energy  is  in  oar  day  bnt  returning  to  the  scieuw 
which  was  its  cradle.  It  returns,  sanctioned  by  the  demoostxatioiu 
of  physics,  as  the  most  general  doctrine  which  has  ever  been  proposed 
in  natural  philosophy,  and  is  the  one  least  weighted  by  hypotheses. 
It  reduces  to  two  fundamental  principles  the  multitude  of  minor  prin 
ciples  and  the  smaller  number  previously  recognized  as  general  whid 
had  dominated  the  sciences  of  nature.  It  can  be  shown  witfaoat  great 
difficulty  that  the  principle  of  Robert  Mayer,  suitably  extended,  con- 
tains the  principle  of  the  inertia  of  matter  stated  by  Galileo  and 
Descartes;  that  of  the  quality  of  action  and  reaction  ascribed  to  Nev- 
ton ;  even  that  of  tlie  conservation  of  matter  (or  rather  of  mass)  dae  to 
Lavoisier,  and  finally  the  experimental  law  of  equivalence  which  is 
associated  with  the  name  of  the  distinguished  English  physicist  Joule 
and  from  which  in  derived  the  principle  of  Hess,  and  the  principle  of 
"initial  and  final  states"  of  Berthelot. 

Similarly  Oarnot's  principle,  as  extended  in  a  large  and  comprehen- 
sive fashion  by  contemporary  theorists,  such  as  William  Thomson  (Loid 
Kelvin),  Le  Obatelier.  and  others,  may  be  considered  as  the  universal 
law  of  mechanical,  physical,  and  chemical  equilibrinm.  It  includes,  as 
G.  Robin  has  shown,  d'Alemberl^s  principle  of  virtual  velocities,  and, 
according  to  some  physicists,  the  special  laws  of  chemical  and  physico- 
chemical  equilibrium. 

These  two  principles,  then,  contain  the  essence  of  all  natural  sciencea 
Since  "">  '^"■"^  significance  of  these  laws  is  to  express  the  necessary 
rets  the  phenomena  of  the  nuiverse,  they  impart  a  real 

hoi  iparent  diversity,  and  hence  they  may  be  made  to 
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follow  from  tbe  "idea  of  coiitiiiDity"  of  nature  as  opposed  to  "physical 
disco utiuaity."  The  unity  id  the  world,  the  diversity  in  the  spirit,  is 
the  fandameDtal  doctrine  of  E.  Kant.  Thns  the  natural  philosophy  of 
onr  time  ia  personilBed  iu  the  names  of  Kaot,  R.  Mayer,  and  Carnot. 
It  would  be  derogatory  to  doctrines  bo  universal  and  so  thoroughly 
verified  in  the  physical  world  should  they  be  confined  here  and  remain 
without  value  in  the  science  of  life.  9uch  a  ^apposition  would  be  con- 
trary to  that  spirit  of  generalization  which  is  essentially  the  scientidc 
spirit,  and  which  consists  in  a  belief  iu  the  existence,  the  constancy, 
and  tbe  extension  of  elementary  laws. 

3cieutist.s  have  always  proceeded  in  one  way  ander  sach  circum- 
stances. They  have  applied  the  most  general  laws  of  couteniporary 
pbyHics  to  the  phenomena  of  life,  a  procedure  which  has  been  found 
legitimate  and  prodactive  of  results  abundantly  verified  by  experi- 
mental data  when  applied  to  really  fundamental  laws,  but  most  unfor- 
tunate and  attended  with  a  still  more  gross  materialism  when  falsely 
carried  on.  For  Descartes,  the  body  was  a  machine  functionally  sup- 
plied according  to  the  laws  of  natural  philosophy;  but  he  carried  this 
view  too  far  in  descending  to  particulars,  and  considering  the  body 
solely  as  a  combination  of  springs,  levers,  presses,  sieves,  pipes,  retorts, 
and  alembics.  Liebnitz,  on  the  other  hand,  was  clearly  within  reasnn- 
ble  bounds  when  he  said  "The  body  develops  itself  mechanically,  and 
tbe  laws  of  mechanics  are  never  violated  in  the  natural  movements." 
Claude  Bernard  was  also  reasonable  in  applying  the  general  principles 
of  Galileo  on  tbe  inertia  of  matter  to  living  beings  when  he  affirmed 
that  tbe  apparent  siiontaneity  of  vital  actions  was  only  an  appearance 
and  illusion ;  that  the  vital  phenomena  were  always  adequately  caused ; 
that  they  were  the  response  to  an  exterior  stimulation  and  the  result 
of  coudict  between  living  matter  and  the  physical  and  chemical  agents 
which  are  incentive  to  the  action,  but  which  are  always  foreign  to  it, 
even  though  contained  within  the  bonndaries  of  the  organism. 

Thus  in  applying  to  life  tbe  general  laws  of  energetic^  we  follow  in 
the  path  of  science  and  conform  to  the  traditional  method.  It  can  not 
be  doubted  that  such  application  is  legitiiiiate  and  that  experiment 
will  .justify  the  application  a  posteriori.  Such,  indeed,  has  been  tbe 
onU;ome. 

Tbe  living,  like  tbe  iuanimate  world,  offers  us  then  nothing  bnt  muta- 
tions of  matter  and  energy.  Tbe  varied  manifestations  of  activity  in 
tlie  living  being,  corresponding  to  transformations  of  the  species  and 
varieties  of  energy,  conform  to  the  rales  of  equivalence  determined  by 
physicists.  In  the  physical  world  the  specific  forms  of  energy  are  less 
numerous.  When  we  have  euumerateil  mechanical,  chemical,  radiant, 
thermal,  luminous,  and  electrical  energy  (the  latter  with  its  attendant 
magnetic  energy)  we  have  eshausted  the  list  of  actors  which  occupy 
the  scene  in  the  material  world,  at  least  so  for  as  we  know. 

Can  we,  then,  say  that  tbe  lists  are  cloBed  and  that  science  will  never 
8M  98 34  ;^,„,^|^, 
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discoverotlierforms  and  specific  varietiea  of  energy  T  Kot  at  all.  Sacfa 
an  ftfOrmation  woold  be  nt  unce  as  ambitioDs  as  impradeat.  Tfae  hia- 
tory  of  the  physical  scieDces  oaght  to  render  qb  more  circamspect.  It 
teaches  as  that  little  more  thaa  a  ceotary  has  passed  since  electrical 
energy  has  made  its  eotraoce  apoD  the  scene,  and  we  have  oommenixd 
to  know  this  form  of  energy.  Sacb  adificoTeryasthi8,rigbt  anderoat 
eyes,  of  an  agent  playing  such  an  important  pffft  in  nature  sbould  leave 
the  door  open  in  the  future  for  other  sarprisee. 

This  reservation  is  of  great  importance  from  the  point  of  view  of  the 
arrangemeDt  of  the  phenomena  of  life  in  the  nniversal  science  of  entf- 
getics.  It  allows  as  to  admit  that  in  addition  to  those  forms  of  energ; 
which  are  common  in  the  physical  world,  other  varieties  may  be  inet 
with  in  the  living  organism  soch  as  are  peculiar  to  it.  These  are  still 
bM  little  knovn  to  be  sought  ont  elsewhere;  bnt  doubtless  tfaey  exist 
also  in  the  physical  world,  and  will  come  to  light  when  onr  means  of 
investigation  shall  have  become  »nfflciently  advanced.  At  present  we 
mnst  admit  their  |M>ssibility  to  account  for  the  pecnliarity  of  some  of 
the  phenomena  of  life  which  are  quite  special  and  different  from  those 
of  physics.  With  this  precaution  we  reoogniEe  at  once  wher^n  tbe 
vital  phenomena  reduce  themselves  to  the  domain  of  universal  phymcs, 
and  wherein  a  provisional  separation  still  remains.  We  thas  eae^ 
the  charge  of  gross  materialism  incurred  by  Descartes  and  Boerhsve, 
those  uncompromising  scientists  who  thought  to  discover  in  the  actual 
instruments  of  our  laboratories  the  model  of  all  mechaoisms,  ev^i  the 
most  complex,  of  animal  life;  a  proposition  as  vain  as  it  would  b^vt 
been  for  an  iatro-mechanician  to  have  tried  to  exiilain  before  the  time 
of  Lavoisier  tbe  elementary  phenomena  of  respiration  or  the  phenom- 
ena of  the  excitation  of  the  nerves  before  Volta. 

Bnt  on  the  other  hand  we  most  recognize  the  profbnud  trath'  lying 
behind  this  extreme  and  uufortnnate  realism,  which,  acting  tbroogh  u 
obscure  and  common  instinct,  has  constrained  the  biologists  of  all 
times  to  attempt  to  bring  the  phenomena  of  llfb  onder  tbe  emiur«  of 
general  physics. 

We  now  fcnow  with  certainty  that  many  forms  of  energy  are  commoa 
to  the  living  and  physical  worlds,  and  these  energies— cfaemical,  ther- 
mal, and  mechanical — retain  their  character  of  mntability,  their  scale 
of  eqoivaleuce,  and  their  states  of  being,  actual  and  potential. 

If  it  shall  faap]>en  again,  as  it  happened  in  the  last  century  in  regard 
to  electricity,  that  some  unrecognized  form  of  energy  is  suggested  by 
physiological  researches,  we  can  affirm  in  all  oonfidence  tbat  this  new 
energy  will  obey  no  new  laws.  It  will  be  governed  in  its  transfwina- 
tion  into  the  known  forms  by  the  rules  already  determined;  it  will 
appert"  niversal  order  as  well  as  to  life,  and  it  will  be  a  oon> 

qnest  -liysics  as  well  as  for  biology.     It  can  easily  be 

under  "<  explanations  of  the  significanoe  and  portent  (rf 

that  a  is  the  foundation  of  biolc^cal  energetics,  that 
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the  phenomeua  of  life  are  energetic  metamorphoBes  in  tlie  same  sense 
aa  ttie  phenomeiia  of  nature. 

The  Bcieuce  wbicb  bas  been  cbristeued  tbe  "energetica  of  biology" 
is  not  new.  It  is  none  otber  than  the  general  physiology  to  which  no 
one  in  any  country  has  coutribated  more  for  its  foundation  and  enrich- 
ment than  Claude  Bernard.  It  must  be  recognized,  however,  that 
B.  Mayer  and  HelmholtK  have  more  distiDctively  characterized  and 
limited  tbe  field  in  defining  it  as  "the  stady  of  tbe  phenomena  of  life 
from  tbe  standpoint  of  energy." 

A  school  of  experimental  zoologists,  arisen  within  tbe  last  few  years 
in  Germany,  has  attempted  to  monopolize  and  distort  general  physi- 
ology by  designating  it  simply  as  the  stady  of  cellular  life.  They  have 
affected  to  believe  that  physiology  from  the  time  of  Oalen  down  has 
had  no  interest  except  in  the  working  of  the  organs,  and  they  oppose  to 
this  "physiology  of  organs"  their  "physiology  of  cells."  A  qualified 
scientist,  J.  Loeb,  scarcely  doesjastice  to  these  pretensions.  He  shows 
that  "cellular  structure"  is  in  most  cases  a  matter  as  completely  of 
indifference  as  the  "structure  of  organs"  in  tbe  action  of  vital  forces; 
and  that  it  is  necessary  to  banish  this  morphological  uotiou  of  the  i>hy- 
sics  of  living  matter  as  being  nothing  more  to  general  physiology  than 
the  physics  of  inanimate  bodies.  The  determination  of  tbe  vital  energy 
of  plants  an4l  animals,  the  direct  transformation  of  chemical  energy  of 
nutrition  into  animal  heat  or  into  muscniar  energy,  tbe  chemical  evolu- 
tion of  tbe  aliment,  and  the  study  of  tbe  soluble  ferments — these  are 
the  things  which  in  his  view  are  likely  to  increase  our  kuowlmtge  of  tbe 
mechanism  of  life.  It  is  these  things  which  are  most  advanced  by  the 
study  of  biological  energetics. 

III. 

The  equivalence  or  identity  of  the  energies  developed  ia  the  animal 
with  tbe  universal  forms  of  energy  in  nature  has  fUmished  the  point 
of  departure  for  this  doctrine.  Two  other  principles  go  with  this  to 
lay  the  foundation,  to  wit:  That  vital  energy  has  its  origin  in  some 
form  of  external  energy,  and  not  in  all  the  forms  as  might  be  supposed 
— but  in  one  of  them  exclusively,  chemical  energy.  ThtH  energy  is 
finally  converted  and  issues  forth  in  a  few  other  well-determined  forms. 

This  is  tbe  imiKtrtatiou,  more  precisely  expressed  in  terms  of  energy, 
of  Ml  idea  similar  to  tbe  vital  vortex  of  Ouvier  and  the  naturalists 
in  the  order  of  matter.  This  idea  of  Cuvier  defines  life  by  its  most 
constant  property,  nutrition ;  that  is,  by  the  existence  of  a  current  of 
matter  which  tbe  organism  gathers  from  witboat  by  alimentation, 
rejects  by  excretion;  a  current  the  complete  interruption  of  which 
even  for  a  moment  would  be  the  signnl  of  deaf  h.  The  circulation  of 
energy  is  the  exact  counterpart  of  ttiin  conception  of  tbe  circulation  of 
matter. 

The  second  principle  drawn  from  experience  and  made  use  of  by 
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general  physiology  may  be  thiu  ennnciated:  The  tnainteniuiee  of  lilt 
consameA  iio  energy  pecaliar  to  and  originating'  with  the  linog  ba^. 
It  borrows  ftom  the  external  worM  in  the  form  of  ehemical  potcnti 
all  that  it  reqaires.  8ach  is  a  traoBlation  into  the  language  of  ne 
getlcs  of  reitnltH  acquired  in  animal  phyBJoli^y  within  tbe  Ust  ffii 
years.  It  ts  nnneoeBsary  for  the  commentator  to  emphasize  the  impa 
tatice  of  Hocli  a  principle;  for  it  reveals  the  oriffiu  of  animal  actiTitr- 
the  source  ttom  which  proceeds  the  energy  which  at  one  point  in  ii- 
transform ation  becomes  the  vital  enei^y. 

The  primnni  movens  of  vital  activity  is  then,  according  to  tbm 
principles,  the  chemical  energy  stored  np  in  tbe  material  oonposu 
the  orgaiiittm. 

To  attempt  to  follow  oat  the  movement  it  is  neoessary  to  be  pccttt. 
Liet  US  KUpiHMe  oar  attention  concentrated  apon  a  limited  pottJoDO^ 
the  organism — a  certain  tiasae.  We  will  come  apon  it  in  tiie  qiurk 
ru|)t«Hl  foiirfle  of  its  life  at  the  given  moment,  and  bom  tbistiw: 
examine  its  ntuctious.  The  first  effect  we  notice  will  be  the  libtrXm 
of  »  portion  of  the  potential  energy  lying  concealed  in  the  msttni^ 
|Hit  ill  ret>t>rve  in  the  tissues.  This  disengaged  material  fBinirtoik 
eocrfiy  mtuirtit  fur  th«  coiitinitance  of  the  vital  fimekkMi  of  ^tw>» 
Tti^re  iH.  tti^i).  at  the  beginning  of  its  fimctMNial  process,  and  as  •  bm^ 
sj»ry  part  of  tins  prooees,  a  liberation  of  vhemieal  mergy  which  tan  *■ 
bt'  brought  aNmt  esi-ept  by  a  deeoraposJtioB  of  tbe  immediate  f* 
stitaouts  of  the  tissues  or,  following  a  nwtOBary  eiprtaww.  bi  * 
destroftioiiof  orpiiiic  material.  Ctaode  Bernard  has  3trtag«ntlji»«*^ 
ii)kw  this  oni^deratioa  tliut  vital  activity  is  armmpaaied  by  a  dntrv 
tiou  of  org^iiv  material.  "  When  a  Dtovement  takc«  plac«  or  >  "^^ 
(VdtrtM-ts.  when  the  will  or  the  emotioas  are  excited,  or  thebni"'^' 
t'i^-i.i.  or  whet)  the  ^lait<U  »«v-n^te.  the  sabstaace  otT  the  ■■b'^'^ 
»t,-r\  es.  tlie  br.uu.  t*  the  srnuiniur  tissoe  is  devumposed.  AtnW^^"' 
»-».it^u'ii«l-"  T!;e  hmI  rw»s*>n  ot"  this  nkiocideaee  betweea  eh*"**! 
»U-vi'mi>v>i::.'i.  ii'.l  funv-tionjj  actiTity.  ..f  which  Ctea*fe  Ktntt*^ 
.,a  •■.::•.  tu'd.  b.*s"-e*ii  3;.u'.y  cleur  D'  as  by  en«gWkA.  A  ?«*■•*'*', 
1.1  .-i-i-*-  ar.treci'.  '--eiif  iltvi-tf  ■.'.>«*i  iiettv«a«b  tu  Chaaeafe  rf  cfc"** 
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two  categories.  The  first  eoutains  tlie  deatractioa  of  reservf^  which 
ac«M>nii>aniee  fDuctionat  activity;  that  is,  increased  expenditure  of 
energy.  The  second  coDtains  the  plastic  phenomena  of  the  replen 
istaing  of  the  resraves;  in  other  words,  organic  reorganization,  which 
corresponds  to  functional  repose,  and  is  associated  with  decreased 
expenditnre  and  rehabilitation  of  energy. 

If  these  are  not  the  exact  terms  employed  by  CI.  Bernard  in  formn- 
lating  his  fertile  conception,  they  are  those  in  which  his  followers  have 
interpreted  his  thoughts.  They  have  added  nothing  except  precision 
to  his  idea.  Applying  more  rlgoronsly  than  the  eminent  physiologist  ' 
the  distinction  which  he  had  created  between  really  active  living  pro- 
toplasms and  the  reserves  which  these  prepare,  they  recognize  thiit  it 
was  necessary  to  attribute  solely  to  these  tatter  the  functions  which 
Bernard  deemed  to  distribute  between  them. 

All  that  01.  Bernard  held  is  rigorously  true  of  the  reserves.  It  is 
eany  in  these  days  to  criticise  the  inexactness  of  expression  in  which 
he  stated  his  ideas.  The  old  adage :  Obscoritate  remm  verba  obscn- 
rantnr,  may  be  his  apology.  In  the  darkness  of  night  he  had  the  light 
of  genius.  Doabtless  he  did  not  find  the  most  definite  and  polished 
expression  of  his  thought,  but  there  is  no  reason  for  a  grammatical 
quarrel. 

If  then,  there  is  incontestably  a  destrnctton  of  reserves  when  vital 
activity  takes  place,  what  happens  to  the  active  living  matter!  Is  it 
the  same  with  it,  or  does  it  follow  a  difi'ereiit  coorsef  We  do  not 
know.  Le  Dantec  affirms  that  the  living  matter  is  increased  ratlier 
than  destroyed.  He  gives  to  this  assertion  the  title  of  the  ''Law  ot 
functional  assimilation,"  and  draws  very  important  oonclnsions  from 
it.  But  in  reality  there  is  not  one  of  the  arguments  which  he  draws  to 
its  support  which  is  conclusive.  The  objections  are  no  more  decisive. 
It  is  alike  vain  to  attempt  in  the  present  state  of  science  either  to  es- 
tablish or  disprove  this  proposition  by  experiment  or  argument.  The 
cause  of  this  indeterminateness  lies  in  the  great  number  of  unknown 
quantities  which  enter  into  the  solution  of  the  problem.  It  is  sufficient 
t«  enumerate  them:  the  two  substeuces  existing  in  the  anatomic 
element  to  which  we  ascribe  opposite  characteristics;  the  two  condi- 
tions which  are  attributed  to  them  of  latent  and  actual  activity;  the 
ikonll^  of  either  of  these  to  exist  for  an  indefinite  time  and  to  encroach 
n)x>n  its  protagonist  when  the  other  has  ceased  to  be.  Here  are  enough 
unknown  elemente  to  vitiate  all  the  resnlte  positive  or  negative  which 
may  be  obtained.  The  proposition,  then,  can  not  be  demonstrated,  but 
may  be  aocepted  without  too  close  examination,  like  the  pills  of  which 
Hobbs  speaks,  which  must  be  taken  without  chewing. 

Energetics  leaves  this  qaestion  undecided  bat  inclines  nevertheless 
to  the  affirmative.  The  functional  assimilatim  of  the  protoplasm  is  not, 
like  the  organization  of  the  reserves,  a  phenomenon  approximately 
without  inflnence  on  the  balance  of  energy.    There  is  here  the  oonsti- 
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energy  peculiar  to  vitality,  or  tbe  liviug  eiiergy,  M.  Cbauvean  calls 
physiological  work.  This  we  here  coasidei-  as  excliaugeable  from  the 
I>oint  of  view  of  equivalence  with  the  energies  of  physics,  jast  as  these 
are  among  themselves.  This  is  the  sigaiflcance  of  tbe  first  law  of 
energetics. 

Energetics  teaches  us  that  if  chemical  energy  is  the  geueratiog  form 
productive  of  vital  energy,  heat  energy  is  the  form  of  (yection,  or  emuno- 
tory  form,  which  is  spoken  of  as  degraded  by  physicists.  Heat  is,  in 
the  dynamical  order,  of  tbe  same  category  as  urea,  carbonic  acid  aud 
water,  the  excreta  in  the  material  order.  It  is,  therefore,  entirely 
through  a  fklse  interpretation  of  tbe  principle  of  the  mechanical  equiva- 
lence of  heat,  or  in  ignorance  of  Camot's  principle,  that  some  physiolo- 
gists still  speak  of  tbe  transformation  of  heat  into  motion,  or  into 
electricity,  in  tbe  auimal  organism.  Heat  trausforms  itself  into  nothing 
in  the  animal  organism;  it  is  only  dissipated.  Its  utility  comes,  not 
from  its  energetic  value,  but  from  its  fuuction  in  promoting  chemical 
reactions,  as  has  already  been  explained  in  speaking  of  tbe  general 
characteristics  of  chemical  energy. 

The  consequences  of  these  clear  and  general  principles  of  physiolog- 
ical energetics  are  of  tbe  greatest  importance  from  a  practical  as  well 
as  from  a  theoretical  point  of  view. 

First,  they  show  clearly  the  rank  of  tbe  phenomena  of  life  in  the 
iniiverse.  They  are  uecessai'y  to  tbe  understanding  of  that  beautiful 
harmoity  between  the  animal  and  vegetable  kingdoms  which  -Priestly, 
IngenhoQBZ,  Senebier  aud  tbe  chemical  school  of  tbe  beginning  of  tbe 
century  had  disclosed,  and  which  Dumas  has  described  with  such 
incomparable  clearness  and  success.  Energetics  expresses  the  thing 
thus:  Tbe  animal  world  employs  the  energy  which  the  vegetable  world 
accumulates.  Energetics  goes  beyond  the  bonnds  of  lifb  and  to  the 
midst  of  cosmos.  It  shows  how  the  vegetable  world  itself  draws  its 
activity  from  tbe  radiant  energy  of  the  sun,  and  bow  the  animal  life 
at  last  restores  tbe  beat  thus  dissipated.  The  harmony  between  these 
two  kingdoms  extends  throughout  nature.  It  makes  a  closed  system  of 
the  whole  universe. 

From  amore  restricted  point  of  view,  and  considering  only  the  domain 
of  animal  physiology,  the  laws  of  energetics  embrace  the  fUnctiou  aud 
general  principles  of  alimentation.  The  alimeut  is  esseritially  a  source 
of  energy,  and  only  in  an  accessory  way  a  source  of  heat.  Precisely 
tbe  contrary  is  usaally  taught  in  our  medical  colleges;  aud  this  error, 
though  perhaps  of  no  importance  from  the  point  of  view  of  practice, 
is,  on  the  other  hand,  highly  important  as  a  matter  of  doctrine.  The 
energy  which  the  aliment  brings  to  the  animal  is  tbe  potential  chemical 
energy  which  it  possesses  by  virtue  of  its  chemical  complexity.  It  is 
this  requirement  of  substances  for  np  in  the  scale  of  chemical  complexity 
which  liuks  the  animal  to  the  vegetable,  the  latter  being  alone  capable 
of  producing  these  syntheses.    The  auimal  activity  liberates  a  part  of 
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tlie  potential  energy  which  the  plant  has  formed.  Cliemistry  enabki 
OB  to  compute  theqaantityof  energy  which  an  aliment  th  as  disengages. 
It  applies  Bertbelot'a  principle  of  the  initial  and  final  state;  aodbr 
utilizing  the  nnmerical  tables  established  by  this  eminent  cbemist  wrd 
snob  admirable  patience,  we  obtain  in  calories  the  qaantity  of  ener^ 
which  the  alimeot  farnisbes  to  the  organism.  Thus  we  know  its  dyna- 
mogenic  or  thermal  power. 

This  energy,  whose  exact  amoaot  is  now  known  for  each  category  of 
aliments,  is  made  use  of  in  accordance  with  the  thinl  priociple.  It  isle 
be  transfonnecl  following  two  possible  types.  In  the  normal  type  it  l< 
transformed  first  into  vital  energy  (the  physiological  workof  Chanvean 
and  snbsequently  either  into  mechanical  work  (the  moTement  of  the 
mnacles)  or  into  thermal  energy  (heat  which  ia  dissipated  externally . 
In  this  normal  case  the  aliment  has  wholly  accomplished  its  office,  sinct 
it  has  served  to  sastaio  the  vital  functions.  It  has  been  dyuamogeoie. 
or  bio- thermogenic 

On  the  other  hand,  we  have  the  possibility  of  the  abnormal  or  abtr 
rant  type.  It  may  hapjien  that,  in  virtue  of  its  chemical  nature,  ani 
for  reasons  jnst  beginning  to  be  understood,  the  aliment  iu  its  decom^ 
position  liberates  energy  which  the  organism  ia  unable  to  make  ase  ot 
and  which  in  conse<| uence  is  not  transformed  into  vital  energy  or  aaj 
kind  of  physiological  activity,  but  paaaea  directly  into  the  themui 
state.  A  category  of  such  aliments  might  be  mentioned,  or  rather  a 
list  of  Bubstances  of  this  nature,  for  they  scarcely  merit  the  name  ali- 
ment Alcohol  and  the  acids  which  exist  in  fruits,  such  as  malic,  aod 
citric  acids  fall  in  this  type.  They  may  be  called  pure  tbermogetu. 
Some  physiologists — and  their  error  has  its  origin  in  the  common  habit 
of  prejudgment — still  imagine  that  alcohol  is  a  generator  of  force,  dsn- 
gerous,  to  be  sure,  on  account  of  its  abuse,  but  still  a  source  of  energy 
as  much  as  sugar  or  fat,  and  thus  capable  of  furnishing  part  of  iht 
energy  necessary  to  the  execution  of  difficult  tasks.  This  ia  erraDe- 
ous.  To  be  sure,  alcohol  decomposes  or  is  coasamed  iu  the  organism, 
and  produces  heat,  but  that  only  serves  to  be  uselessly  dissipated.  The 
heat  produced  within  the  body  is  no  more  efficacious  than  that  whidi 
comes  from  the  heat  of  the  climate  or  of  our  fires.  The  pnre  tber- 
mogens  are  then  exclusively  employed  in  producing  internal  heating. 
Aliments  such  as  we  have  discussed  under  the  name  of  bio-thermogeos 
are  equally  as  much  as  these  a  source  of  internal  heatiDg,  but  also  par- 
ticipate in  the  vital  functions. 

In  saying  that  the  cycle  of  energy  which  runs  its  conrae  in  the  ani- 
mal organism  takes  its  departure  in  the  chemical  disintegration  of  the 
aliment,  physiologiste  employ  a  formula  too  general  and  not  sufficiently 
approximate  to  the  truth.  Hence  there  have  arisen  confusion,  misun- 
derstandings, and  controversies,  which  revive  continaally  and  give  to 
this  branch  of  physiology  an  appearance  of  being  in  an  unsettled  aod 
Msordered  condition,  which  ought  not  to  exist.     It  is  not  the  vital 

tivity  iu  its  generality  which  fihoiild  be  considered  when  one  wishes 
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to  treat  of  the  facta  and  applications,  but  a  single  fuiictioaal  act  in 
particalar.  It  is  then  seen  that  the  scarce  of  eaergy  which  this  act 
pnta  ill  play  is  found  in  the  substance  of  the  organ  and  in  the  active 
tissue,  and  not  in  the  aliment  in  the  condition  in  which  the  animal 
imports  it  from  without.  In  other  words,  it  is  not  the  aliment  in  tbe 
rongh  which  is  tbe  source  of  energy,  bnt  the  aliment  digested,  modi- 
fied, elaborated,  and  incorporated  as  an  integral  part  of  tbe  tissue 
which  employs  it;  in  short,  in  the  state  of  reserve.  All  the  principles 
of  physiological  energetics  of  which  we  have  spoken  apply  to  the  ali- ' 
ment  as  reBned,  and  in  this  state  only ;  that  is,  as  a  part  of  the  reserves. 
Are  they  also  applicable  to  tbe  aliment  in  the  strict  sense  of  the  word  T 
Only  in  another  fashion.  Between  the  substance  of  the  aliment  and 
the  sabstance  of  the  reserves  there  are  differences  resulting  from  the 
various  processes  which  have  been  employed  from  the  time  %vben  the 
aliment  was  originally  introduced  into  the  organism  to  that  irhen  it 
becomes  assimilated  in  its  proper  place.  These  preparations  maybe 
very  numerous,  and  they  are  in  most  cases  still  unknown.  It  k  3  gener- 
ally admitted,  however,  that  they  are  such  as  to  nse  np  so  litth.  energy 
that  its  quantity  may  safely  be  neglected.  The  supposition  is  witrranted 
ID  certain  cases,  but,  on  tbe  other  hand,  it  is  erroneous  in  a  greater  num- 
ber. M.  Ohanveau  has  very  clearly  exposed  this  error  of  the  theorists 
on  alimentation.  He  has  been  able  to  determine  the  amount  of  energy 
so  used  in  certain  processes,  by  means  of  very  ingenioas  experiments. 
But  this  is  not  tbe  place  to  discuss  this  matter.  Tfov  shall  we  examine 
the  new  and  very  interesting  controversy  on  physiological  dietetics. 
We  must  restrict  ourselves  to  incidentally  indicating  the  most  general 
relations  of  the  theory  of  alimentation  with  the  subjects  of  our  present 
inquiry,  which  is  to  illustrate  tbe  fundamental  principles  of  the  ener* 
getics  of  living  beings. 

ni. — THE  PHTSIOLOGT  OF  ALIMBNTATION. 

What  is  an  aliment,  and  in  what  does  alimentation  consistf  This  is 
a  question  which  no  one  bikes  the  trouble  to  answer — at  least  if  he  be  a 
physician,  a  physiologist,  or  a  zoologist.  A  Frenchman  who  knows  his 
language  will  reply,  like  the  dictionary,  that  "the  term  aliment  is 
applied  to  all  those  substances,  of  whatever  nature,  that  habitually  serve 
or  are  able  to  serve  the  purposes  of  nutrition."  The  thing  is  easy  to 
understand;  it  is  anything  used  by  a  decent  man  to  nourish  himself. 
If  you  want  to  know  more,  ask  the  cook. 

Tliat  would  be  one  solution;  but  there  are  many  others.  The  prob- 
lem of  alimentation  presents  a  thousand  aspects.  It  is  culinary  and 
gastronomic  of  course,  but  it  is  also  economic  and  social,  agricultural, 
financial,  hygienic, medical,  and  even  moral.  And  first  of  all,  and  before 
all,  it  is  physiological.  It  is  from  this  point  of  view  that  we  shall  dis- 
cuss it  here — solely  and  entirely  th:it  aspect  which  concerns  tbe  phe- 
nomena of  life. 

i:  ,       bGoOi^lc 


ri.>  ':c-».:i:-i    ir  ^a-^tuic^  ~iu*f  : 

¥-;.3  ^«    ifc-i  l.J^    r:".Tr^    ^]<i.  K'VlUuIl'LliIll^  «KD^rK«7'Z3  ^KC 

■  *  -^:i  T.'  i>r.  ;»  -ia:-*-  a,  i::.—tr<--ztg^  ->  'ifcMCiaici(&.  ^ti  r^  t 

.t.b:~i:^^~'^  i.3a.~''^w»  1^'^   :<»a.  uiiiaf  ic  kl    'ii    iiii'mi  ■■  mh  i ii  1 1 
•c    tr^-jix  r:-     r*!--  ^le:  I'in*  ul  ■u;k:  j?  i.:isjiri«»t  Xi::-i«li^  ?ccBcrk&>7 

-  iLi^jiKi:^  fa  "mt  .o>«     ITi  !.•*"!«  1  L-^iz"^  :»uiai:«-  jokv^  uw-  i««*i  aaAf 
»i-'-i  «  f.i-iifci-^  iji;.  rr-i  :-:n.  fci'£  T!.i:a  loiwl^  i-'r-Jij  -'jm  "'urrini  r 

_i'i:'_i^  "— >i  r--:>;-»  ;tT*Ti.>  i  ij-«  :»-!;a  in.-!:  i^  j 

'itr^oiL    c   ■.-!.*.     r"i»*  ^•- c«— ■  .£  w;.i:if;-.~i  ii   ir-~w9>:  ^wt;  ;wMm- 
-I  c*   c"  !.:•■    t^^.-.«  a  (c  —-^  r;  i«:^i  'in*.     ? 


zi:a  jiLi  :t 


D.qitizeabyG00l^lc 


THE  PHYSIOLOGY  OP  ALIMENTATION.  539 

sicians  who  liave  attempted  to  delliie  aii  aUnient  have  failed.  Most  of 
the  deflnitions,  botb  common  aud  learned,  have  interposed  the  condi- 
tion that  the  substance  should  be  introduced  tlirouffli  tlie  digestive 
apparatus.  These  defliiitions  saunnarily  exclude  fhim  the  class  of 
beings  sustained  by  alimentation  all  vegetables  and  animals  not  pro- 
vided with  an  intestinal  canal;  aud  they  leave  out  various  substances 
which  enter  the  body  throagh  other  channels  tbau  the  stomach,  which, 
like  the  oxygen  for  example,  participate  to  a  large  degree  in  the  sus- 
taining of  life. 

The  distinctive  feature  of  the  aliment  is  the  use  that  it  may  be,  when 
rightly  employed,  to  the  living  creature.  It  is  a  snbstance  necessary 
to  the  maintenance  of  the  phenomena  of  living  organisms,  aud  the 
reparation  of  losses  to  which  they  are  subjected,  says  01.  Bernard — a 
sabstance  which  carries  an  element  essential  to  the  constitution  of  the 
organism  or  which  diminishes  its  disintegration  (conserving  aliment), 
according  to  the  German  physiologist  Yoit — a  substance  which  con- 
tributes to  assure  the  good  operation  of  any  of  the  organs  of  a  living 
being,  following  the  mnch  too  broad  definition  of  Duclanx,  All  these 
characterizations,  however,  give  but  an  imperfect  idea  of  it. 

The  introduction  of  the  idea  of  energy  into  physiology  has  given  a 
better  understanding  of  the  trne  nature  of  the  aliment.  It  is  neces- 
sary to  recur  to  the  doctrine  of  energetics  to  take  into  account  all  that 
the  organism  requires  it  to  furnish.  The  organism  demands  not  only 
matter  but  energy.  The  natnralists  consider  only  the  necessity  of  con- 
tributing matter,  and  thus  look  upon  the  problem  from  only  one  jwint 
of  view.  The  living  body  presents  in  each  of  these  directions  an  unin- 
terrupted succession  of  tearing  down  and  rebnilding,  the  materials  for 
which  are  furnished  by  alimentation  aud  rejected  by  excretion.  Cuvier 
called  this  incessant  itassage  of  surrounding  matter  into  and  through 
the  vital  world  the  "vital  vortex,"  and  regarded  it  with  reason  as  the 
characteristic  of  nutrition,  and  the  distinctive  trait  of  life. 

This  idea  of  the  circulation  of  matter  has  been  completed  in  oar  own 
time  by  that  of  the  circulation  of  energy.  All  tbe  phenomena  of  the 
universe,  and  more  especially  those  of  life,  are  conceived  as  changes  of 
energy.  They  are  now  regarded  in  connection  witli  their  environment 
rather  than  in  isolation  as  formerly.  Each  has  an  antecedent  and  a 
consequent  whose  magnitude  is  determined  by  a  numerical  law  of 
equivalence  established  by  the  contemporary  physics.  Thus  the  suc- 
cession of  events  is  conceived  as  the  circulation  of  a  sort  of  indestructi- 
ble agent,  which  changes  only  in  appearance  or  disguise  in  passingon, 
but  which  snffers  no  loss;  and  this  is  energy. 

The  most  general  result  of  the  study  of  physiological  chemistry  has 
been  to  teach  us  that  the  antecedent  of  tbe  vital  phenomenon  is  always 
chemical.'    Vital  energy  originates  in  the  potential  chemical  energy 

■  See  ttie  disouaaioo  of  the  sabject  on  previooa  pagoB  of  tiiia  pkper. 
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ac«amalated  id  the  ■tatanml  of  vhicfc  tbe  orgmiii^  is  compoaed.  The 
pbenomeDon  cooseqiMnt  to  the  expenditara  at  fitmS  atmrgy  is  nBaall}' 
the  prodaction  uf  beat.  Vital  ene^;  is  trmaatotmed  ioto  tbermal 
eoergy.  Tbese  three  pn^iositioos  rd»tnj;  to  the  totnrer  orifrin,  asd 
temtiiuttion  of  the  vital  phenoaena  an  the  three  land^a»nnt»l  pHne- 
pies,  the  three  laws,  of  the  energetks  of  bioloer. 

The  place  of  vital  eoer^  id  the  animsal  ela^fieatioa  o€  Komtgj  is, 
from  iriiat  has  been  said,  pecfeetly  det^Mioed.  It  betonga.  betweca 
chem>(.-al oiergy. (inHn  which  it  ^Mrin^ and  thmal iiwigj,  into  whiek 
it  is  ivflcdved,  and  whieh  is  the  -  degiadetl  bxm  ~  wf  esergj.  to  use  the 
expression  of  fdiystcista,  FroM  this  foUaws  a  dedactiao  of  imTdiifr 
^iplieatioQ  in  the  theor7  of  the  aliBMBt.  Heat  is  aa  exeivca^  mt  the 
dynaaie  ordvr  from  tite  living  bcug.  iioite  as  Hseh  as  arok.  carbame 
acid.  tu>d  watM-  aiv  exmta  of  the  autcnil  order.  It  is  there  fcMc  qvte 
incorrect  to  speak  of  the  transfoiMatam  of  heat  ialo  vital  energy  is 
the  sniui;U  orj^anisa.  although  llus  expnaaa^  ■  ia  caa^mi  sac  Ner 
is  it  more  pn>p«r  to  speak  of  the  tratt^fcraaCiia  of  haal  iah>  ^Ksealv 
BotKHU  as  was  }uM  by  Brtrlani.  or  into  laiMil  deiUkitr.  x»  h^^  beta 
nuuiit;uii«d  by  other  wrtter$v  The«e  ace  errers  of  dacCria«  at  wfl  ^  af 
f,Kt.  TheTtm:-ly»  talse  interpreiauiou  rf  the  pfiaaipfc  eftfce  ^leefcaa- 
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und  second  as  n  factor  to  promote  chemical  reactioiiB.  Ita  dissipation 
then  ia  not  a  pure  loss.  The  anther  drew  these  conclasions  nome  years 
since  from  certain  experimeDts  oq  the  alimentary  valae  of  alcohol,  not 
knowing  that  tbey  had  already  been  expressed  by  a  contemporary 
phfBiologist(A.Chaaveau),  and  that  tliey  were  already  associated  in  Iii8 
mind  with  other  conceptions  of  great  interest,  in  the  development  of 
which  the  anthor  has  sioce  had  the  good  furtane  to  assist. 


To  say  that  an  aliment  is  a  bearer  of  energy  as  well  as  matter  is  to 
express  in  brief  tbe  fundamental  idea  of  biology,  by  virtne  of  which 
life  is  no  longer  thought  of  as  creating  any  power  special  to  itself.  A 
living  being  ia  looked  upon  as  the  scene  of  an  incessant  circulation  of 
matter  and  energy  which  conies  from  the  exterior  world  and  again 
retnrns  to  it.  Matter  aud  energy  together  wholly  constitute  the  aliment. 
All  its  characteristics,  tbe  appreciation  of  its  fnitction,  of  its  evolution, 
and  of  the  laws  of  alimentation,  follow  as  the  conse^iuences  of  this 
principle  interpreted  in  the  hgbt  of  energetics. 

We  first  inquire  what  forms  of  energy  are  carried  by  the  aliment.  It 
may  be  readily  seen  that  there  are  at  least  two.  For  it  is  essentially 
the  source  of  chemical  energy  and  secondarily  aud  in  an  accessory 
mauner  a  source  of  beat.  Chemical  energy  alone,  as  we  see  from  the 
second  law  of  energetics,  is  suitable  for  transportation  into  vital  energy. 
This  is  true  at  least  for  animals,  but  lor  plants  it  is  otherwise.  Their 
vital  cycle  has  neither  the  same  point  of  departure  nor  destination,  nor 
does  the  transformation  of  energy  here  follow  the  same  course. 

Again — and  this  is  the  third  great  law  governing  the  phenomena — 
the  energy  put  in  play  in  life  is  restored  to  tbe  physical  world  in  the 
form  of  heat.  We  have  remarked  thatthedisengaged  heat  is  employed 
first  to  raise  the  internal  temperature  of  tbe  living  biieing.  This  is  the 
animal  warmth. 

There  are  therefore  two  kinds  of  energy  furnished  by  the  aliment; 
but  if  it  is  wished  to  be  very  exact  and  to  omit  nothing  it  shonld  be 
added  that  they  are  not  tbe  only  two  but  only  the  two  principal  and  by 
far  the  most  important  forms.  It  is  not  absolutely  true  that  heat  is  the 
only  energy  product  of  the  vital  cycle.  This  is  the  case  only  for  the 
animal  in  repose,  when  it  contents  itself  with  mere  placid  existence 
withontengaging  in  external  mechanical  work,  such  as  raising  external 
weights,  or  even  that  of  its  own  body.  Mechanical  work  is  then  a  sec- 
ond possible  termination  of  the  vital  energy  cycle,  bat  is  not  neces- 
Siirily  HO,  for  the  motion  and  employment  of  force  by  animals  are 
subordinated  to  their  volition.  Again,  the  vital  energy  cycle  may 
terminate  in  the  prodaction  of  ^ectiicity,  and  such  indeed  is  the  case 
witli  the  operations  of  the  nerves  aud  muscles  of  all  animals,  and  with 
the  operation  of  the  special  electric  organ  in  certain  fishes,  soch  as  the 
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ray  and  torpedo,    tlnallj  laminoes  energy  may  be  pmd^eed  Hum  vru. 
eoMg}',  aa  is  tbe  case  with  tbe  phospfcorenceDt  a 

It  is  oaeilesa  to  weaken  [wiiieiples  by  thas  e 

tiooA  vbieh  attend  tbea.    It  is  wtU  h 

natanl  priaciples.     It  is  sofficicot  to  aay  tbat  tlM  »■»■■■' gj  wfaicfc  us 
porarily  annaates  living  creatonB  is  fiiraiabed  U>  ^^m  fr«m  tfaa  ester 

nal  Torld  exclnaJTely  in  tbe  form  of  potential  etemi^  nfi  ■■ ^  ^^^ 

it  returns  to  the  ootcr  wwhl  ehiedy  in  tbe  farm  of  teat  bat  nortinffT  o 
tbe  aeeessoty  form  of  Beohanieal  energy. 

It  ia  el«ar  that  if  Che  dov  of  eaagj  vbieb  eircBlatas  tkroB^b  □» 
aninal  lemves  it  solely  in  the  form  of  bent,  th^  Ai»  b«»c  bnta^mi 
possible  Beaanre  of  tbe  aoioant  of  energy  originally  fhmififcfil  by  tfe 
alim^iL  If  the  oatward  tlow  is  divided  between  t«*  ebao^efe.'bei: 
and  neehanii-al  work.  Che  twv  amuunts  at  e^sgy  tb:^  ^vcn  np  mvs 
be  added  together.  Id  the  case  where  tbe  prod^  Es  bc^c  afa^  «« 
need  ooly  to  determine  the  hMs  of  heat  by  tbe  mlorrini-tirr  t»  teT«  > 
neasare  of  the  eotL-uaiption  of  ena^  in  Lving.  Phy^iujovisca  hxn 
ananared  apparatus  in  varioas  forms  for  this  detomionciMi-  f-n^jj-aer 
aod  Laplace  empIo>-ed  tbe  ice  calorimeter.  Tlwy  ptaaed  aa  mi^l  ■< 
amaD  ^^  in  m  i«--e  ea^  and  decenmucd  the  anHimc  of  teoc  gtr^  ok 
by  the  amoant  of  iee  melted.  Ia  one  of  tteir  experi^mits  cfa«y-  fooa.: 
that  the  Luliaa  \>U  melceit  Ml  gr^ms  of  iee  in  ten  bumj  — f  „,' 
qoently  farnished  J^  calorie!*  of  heaC 

Hon*  reeen-Jy  a  twttrt  instniment  itis  bem  devme^  M.  pii  wii: 
employed  an  air  calonaiecer.  which  is  natbnig  boi  n  diirnnnijil  iter- 
momectfr  very  in-recioaaly  cooscnicced  aod  aai^  aeifrMriHSnii r 
Ko«fenriia;.  Eichet.  Ulra  JcdK-WTiiiLni.and  La&Treh^vviiaaiarreafa^ 
mec^r*  moreor  Ie:>e>.-om;  te\.  Otiiers.  tullowias  the  '^^^'mpfe  of  D«iu^ 
and  of  I'eapretz.  bAve  used  wac«  and  mervnry  *^^— fi^ri  i  i.  «r  ji* 
Li<;berTn*r!^:.?r.W::i:^mi2.  da>i  L^vrv  hare  had  tvcm 
of  buclis.  Pjere  3.ive  b«ea  ^luay  of  siei<e  ceHearvn 
eiicar'a&rd  v«y  :a:et>;sr.::i  resale*. 

Tin  *iia;e  prjc.Vm  mAj  be  *  tved  -Ji  .taociier  way, 
ma  =J  :i:e  eceriy  I«itu:  j  :ae  ">-dy  a  the  ijm  jf  •^at  ic  ^an-  b*  Bew- 
ared --^i.T*  --,*  ecrri-T.-e  :-i  TJe  5  m  jf  a^mn.**;  pocencaL  His  .iecer^ 
m:-:^nt:a  ijs  ':-'vb  s^t;  -n  ;i!«f  iuoie  aa--j  .w  Tae  pnettitnzr- 
siy,  ;a  ^or.e*.  I;  Jin*  .:ei^ti  ^.r.x "x-  :ae  tt^^^oc-es  ji  z 
a::ti  to  the  -rjiii^les  id.T-iJi;«Hi  ^  tsj4  '.■i^  Eerraeioc  :tafi  :a»  mmj 
iMfji.'d  !C  iirr.-rjzz  *;  tje  eaeroK:r  ■-:  ii-.-i.enc  (f  lacr.rata  ^^  '}««n^ 
»'(i!i;"i*f.  Tiy^'  11  ^sts  ':y  rje  v<l  .-c  luewe  necjods  ~ja««  lai  iriraTfcr.J 
tie  '.-iiliai^  .'c  iT-*^  —  -'-'■  "it?  '.1  *  ;^  "w.i^  :a  ~ir:oqBOMiitt:iNH^js  r^. 
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deduce  the  explaoatioQ  of  the  most  iutricate  and  disputed  pbeuomena 
of  nntrition  as  the  coaseqaeoce  of  three  simple  laws. 

EJzainples  abound  of  the  fecundity  and  innate  power  of  these  ideas. 
To  illustrate  by  a  single  point,  take  the  long-cherished  error  of  physi- 
ologists  who  believed  with  B^lard,  in  the  transformation  within  the 
organism  of  heat  into  mechanical  work.  After  the  establishment  of  the 
doctrine  of  energy  this  error  was  uo  longer  possible.  Energetics  teaches 
OB  that  the  current  of  energy  divides  itself  in  leaving  the  body  into  two 
divergent  branches,  one  thermal  and  the  other  mechanical,  which  are 
strangers  to  each  other  though  springing  ft^tm  a  common  sonroe,  and 
have  DO  other  rotation  in  common  except,  that  in  summation,  they  rep- 
resent the  total  energy  of  life. 

We  will  now  clothe  these  simple  ideas  in  words  more  or  lees  foreign 
to  the  usage  of  physiology;  and  in  so  doing,  we  are  convinced,  to  ose 
the  words  of  Boffon,  that  "  the  language  of  science  is  more  difficult  to 
comprehend  than  science  itself."  The  amount  of  chemical  energy  which 
a  nnit  weight  of  a  given  aliment  ia  able  to  famish  to  an  organism,  and 
which  may  be  evaluated  according  to  the  principles  of  thermo-cliemis- 
try  by  the  aid  of  the  numerical  tables  of  Berthelot,  Unbiier,  and  Stoh- 
mann,  constitutes  the  alimentary  potential,  or  energetic  valae  of  the 
Bobstance,  or  in  still  other  words,  its  dynamogeuic  power.  The  same 
number  expresses  also  the  thermogenic  power,  actual  or  theoretical,  of 
the  alimentary  substance.  This  energy  being  destined  to  be  trans- 
formed into  vital  energy  (termed  physiological  work  by  Obanvean,  or 
physiological  energy)  the  dynamogenic  and  thermogenic  value  of  the 
aliment  ia  at  the  same  time  its  biogenetic  value.  Two  weights  of  dif- 
ferent aliments  for  which  these  numerical  values  are  the  same  are  said 
tobeisodynamogenic,  isobiogeuetic,  or  isoenergetic  weights.  They  are 
equivalent  from  the  point  of  view  of  their  alimentary  value.  Finally  i^ 
asisosnally  the  case,  the  cycle  of  euergy  is  finished  by  the  production 
of  heat,  the  aliment  which  has  t>een  used  for  this  purpose  has  a  real 
thermogenic  valae  identical  with  its  theoretical  thermogenic  value  as 
may  be  experimentally  determined  by  direct  calorimetry. 


The  aliment  is  a  soorce  of  thermal  energy  for  the  organism  by  which 
it  is  decomposed.  Physiological  chemistry  teaches  us  that  whatever 
be  the  method  of  its  decomposition,  it  always  finally  reaches  the  same 
condition,  and  with  the  evolution  of  the  same  quantity  of  heat.  But 
if  the  i>oint  of  departure  and  the  point  of  destination  are  the  same, 
the  route  followed  is  not  necessarily  identical.  For  example,  1  gram 
of  fat  always  furnishes  the  same  quantity  of  heat,  9.1  calories,  and  is 
always  rejected  in  the  same  condition  of  carbonic  acid  and  water.  But 
from  the  state  of  fat  to  that  of  a  mixture  of  carbonic  acid  and  water 
there  are  many  intermediate  conditions.  Yarions  alimentary  iqroles 
are  therefore  possible. 
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form.    The  doctrine  of  Liebig,  reduced  to  thia  fimdameutal  idea,  merits 
aarvival.    Accessory  errors  compressed  its  raiD. 

Some  years  later  tbe  celebrated  cliemist  and  pbysiolo^st  of  Mnniiih, 
O.  Voit,  revived  this  doctrine  In  a  more  pronoanced  form.  According 
to  bim  nearly  the  whole  albaminoid  aliment  was  consamod  directly  in 
tlie  blood.  He  interpreted  certain  experiments  npon  the  utilization  of 
nitrogenous  aliments  by  sapposiug  that  these  substances  when  iutro- 
duced  into  tbe  blood  by  digestive  processes  were  divided  into  two  por- 
tions. One  very  small  portion  incorporated  itself  in  the  living  organism 
and  passed  to  the  state  of  ''organic  albumen.^  Tbe  remainder  was 
mixed  with  tbe  blood  and  lymph,  and  anlfered  direct  combastion,  this 
being  the  circulating  albumen.  In  this  doctrine  the  tissues  were 
regarded  as  nearly  stable,  only  the  organic  liquids  being  subject  to 
nutritive  metabolism.  The  accelerated  evolntiou  regarded  as  excep- 
tional ill  tbe  doctrine  of  energetics,  was  looked  npon  as  tbe  mie  by  0. 
Voit.  Pfliiger  and  tbe  Bonn  school  have  corrected  this  abusive  exag- 
geration. 

Tbe  f^t,  long  known,  that  the  consnmption  of  oxygen  is  notably 
augmented  (to  as  much  as  Ave  times  its  usual  value)  after  eating,  is 
favorable  to  tbe  supposition  that  some  nntriti  ve  substances  are  absorbed 
and  pass  into  the  blood,  to  be  immediately  oxidized  and  destroyed  at 
once.  To  be  sure  some  experiments  of  Znntz  and  von  Mering  are  con- 
trary to  this  view,  for  they  injected  oxidizable  substances  into  the 
blood  vessels  without  discovering  immediate  oxidation.  Bat  on  the 
other  hand,  more  favorable  results  of  such  experiments  have  been 
known. 

If  the  accelerated  evolution  of  the  ordinary  aliment  is  thus  uncertain 
it  seems  that  there  is  undoubtedly  a  special  category  of  pore  thenno- 
gens,  such  as  alcohol  and  the  acids  of  fruit.  When  alcohol  is  taken  in 
moderate  doses  abont  a  t«nth  of  the  quantity  absorbed  is  taken  up  by 
the  living  elements.  The  remainder  is  "  the  alcohol  of  circulation** 
which  is  directly  oxidized  in  tbe  blood  and  the  lymph,  without  inter- 
vening ill  the  vital  operations  other  than  by  tbe  heat  which  it  produces. 
According  to  the  theory  of  energetics  such  substances  are  not  true 
aliments,  since  their  potential  energy  is  not  transformed  into  vital 
energy,  but  passes  at  once  to  tbe  form  of  heat.  On  the  other  hand 
some  physiologists  regard  alcohol  as  a  tme  aliment.  In  their  view 
'  everything  is  an  aliment  which  is  transformed  in  tbe  system  into  heat, 
and  they  measure  the  nutritive  value  of  a  substance  by  the  number  of 
calories  it  produces.  By  this  measure  alcohol  would  be  a  superior  ali- 
ment to-  tbe  carbohydrates  and  nitrogenons  substances.  A  given 
tinanttty  of  alcohol,  a  gram  for  example,  is  equal  from  this  thermal 
point  of  view  to  1.66  grams  of  sugar,  to  IM  grams  of  albnmen,  and  to 
0.73  gram  of  fat.  These  quantities  would  be  isodyuamic 
This  is  evidently  an  extreme  view,  for  ei^ierience  condemns  it.  The 
9M  98 36 
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^monnt  of  heat  thus  lost  goverua  the  need  and  fixes  the  quantity  of 
bhe  ration. 

Such  is  the  theory  which  oppoeea  the  energetic  theory  aod  diepates 
favor  with  it  among  phyaologiats.  Among  its  atrongest  adherents  are 
von  iN'oorden,  Bnbner,  Oh.  Bichet,  and  Lapicqae.  In  their  -view  the 
generation  of  heat  abBolntely  dominates  the  play  of  nutritiTe  exchanges; 
and  it  ie  the  heat  requirement  vhich  regalates  the  total  demand  in  cal- 
ories for  the  support  of  the  organism.  It  is  not  at  all  because  the 
organism  produces  too  much  heat  that  it  disperses  it  over  all  its  surfoce, 
Isat  em  pbatically  because  that  itwonld  lose  heat  to  adangerous  extent 
that  it  is  adapted  to  provide  against  the  loss. 

This  conception  of  the  function  of  lUimentatiou  rests  on  two  arga- 
tneuts.  The  Arst  is  funtisbed  by  the  experiments  of  llabuer.  A  dog 
is  kept  a  suitably  long  time  (from  two  to  twelve  days)  in  a  calorimeter, 
and  the  quantity  of  heat  given  off  is  compared  with  the  beat  furnished 
in  the  food.  The  accord  between  the  two  is  in  every  case  remarkable. 
Butwoald  it  be  possible  that  itcould  be  otherwise!  For  in  a  mechani- 
cal regulator  it  is  well  known  that  an  exact  equilibrium  l>etween  the 
supply  of  lieat  and  the  loss  mast  obtain  for  a  constant  temperature 
within.  The  second  argument  is  drawn  from  what  is  called  the  law  of 
surfaces,  brought  forth  by  Gh.  Ricliet.  By  comparing  the  proper  ratious 
of  subjects  of  very  different  weights  placed  in  various  situations,  it  was 
shown  that  there  was  furnished  always  the  same  Qumi>er  of  calories  for 
the  same  surface  of  skin — that  is  to  say,  the  same  cooling  surface.  This 
is  certainly  a  very  interesting  fact,  but  at  the  same  time  not  Decesaarily 
convincing. 

There  are,  on  the  other  hand,  grave  objections  to  this  view.  The 
thermal  value  of  a  nutritive  priuciple  represents  only  one  aspect  of  its 
physiological  function.  To  be  sure  man  and  animals  are  able  to  draw 
the  same  profit  and  the  same  effects  from  rations  in  which  one  of  the 
aliments  is  replaced  in  isodyuamic  proportions  by  two  others,  and  the 
same  quantity  of  heat  is  thus  developed.  But  this  substitution  is  very 
limited  in  its  possibilities.  Isodynamic  substitntiou — that  is,  a  substi- 
tution of  aliments  pro  rata  for  tbeir  thermal  value,  is  limited  on  all  sides 
by  exceptions.  In  the  first  place,  there  is  a  small  quantity  of  nitro- 
genous aliment  whose  place  can  not  t>e  supplied.  Indeed,  even  before 
the  minimum  allowance  is  reached  the  substitntion  seems  to  be  perfect. 
While  substitution  is  perfect  as  between  the  albuminoids  and  carbo- 
hydrates and  the  fats,  it  can  not  safely  be  made  between  these  and  the 
nitrogenous  substances.  If  the  heating  power  of  aliments  was  the  only 
consideration,  an  isodynamic  substitntiou  wotild  not  shut  out  alcohol, 
glycerin,  and  the  fatty  acids  from  completely  supporting  alimentation. 
Finally,  if  the  thermal  power  of  an  aliment  is  the  sole  measure  of  its 
physiological  utility,  the  question  arises  why  aliments  could  not  be 
wholly  replaced  by  a  dose  of  heat.    Heating  Irom  without  might,  it 
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precision  tbin  tuiiiituum  ratJou  of  albaminoids,  or,  as  it  may  be  said  in 
abbreviated  fashion,  to  determine  tlie  (laautity  of  albnmeu  below  which 
the  organism  perishes.  Toit  has  indicated  as  the  limit  for  mau  118 
grams  of  meat.  This  figure,  however,  is  certainly  too  high,  and  may 
be  reduced  to  100,  to  90,  or  even  to  70.  Bat,  on  the  other  hand,  the 
most  advantogeoas  ration  of  ^bnmen  should  be  considerably  above 
that  actoftlly  sufficient. 

It  remaioH  to  mention  several  recent  researches.  The  most  impor- 
tant of  these  by  far  are  those  wfaich  H.  Ohanvean  has  pablished  upon 
the  reciprocal  transform atione  of  immediate  principles  in  the  organism, 
according  to  its  functional  cooditious  and  the  circnmHtances  of  its 
activity.  We  shall  find  a  oatoral  opportunity  to  speak  of  tiiis  at  suit- 
able length  in  treating  of  the  physiology  of  the  mnscolar  contraction 
and  movement ;  in  other  words,  the  subject  of  muscular  energetics. 

B«f«reno«a:  A.  Cli»UTe»n,  B«cberch«B  d'l^Deigritiiine  blologiqae,  Academie  d«* 
Boiencea,  1856-1886-1S81  to  1S9S.  F.L»nlftnii<,  £n«rg«Uqaemiiaanlaii«,1698.  LUddIc 
et  C.  A.  Ewald,  TroltiS  de  Di^t^tiqoe;  Berlin,  BruxBllea,  Paris,  1897.  J.  P.  Mont  at 
M.  1)0700,  Traits  da  Physiologie;  Paris,  Haason,  1890.  A.  Daatr«,  conra  de  Sor- 
bouDB,  1889-1696.  Ch.  Rieliet  et  L.  Lapioqne,  Diotionnftire  de  Phjeiolugie,  1896. 
LMDbllng,  EneyclopMie  eUnuqae,  t.  IX,  1897. 
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THE  ECONOMIC  STATUS  OP  INSECTS  AS  A  CLASS.' 


By  L.  O.  HowAED. 


ThA  popular  conception  of  inBCcts  in  general  is  nndonbtedly  tbat  they 
^re  injnrions.  Many  writers,  it  is  trne,  have  pointed  oat  the  beoetittt 
derived  from  insects,  but  we  think  of  their  damage  to  crops  and  of 
tlieir  soDoyaDce  to  man  and  aniaials,  aad  this  aspect  of  the  Bnbject  is 
at  once  apt  to  preponderate  in  our  minds.  It  is  more  than  eighty  years 
since  Kirby  and  Spence  contrasted  the  injuries  caused  by  insects  with 
the  benefits  derived  from  them,  and  it  has  not  been  comprehensively 
done  since.  In  the  meantime,  whole  groups  of  Important  injaries  have 
been  developed  and  whole  (slasses  of  beneficial  work  have  been  discov- 
ered. Moreover,  the  tendency  of  modern  thought  has  not  taken  this 
direction.  The  biologic,  taxonomic  and  phylogenetic,  and  other  aspects 
of  large  groups  of  forms  of  life  have  been  considered  to  the  escluBion 
of  the  economic  aspect,  and  even  where  this  side  has  attracted  attention 
investigators  have  confined  themselves  to  specific  problems  and  have 
not  generalized.  It  may  be  interesting,  therefore,  once  more  to  con- 
trast the  injurious  insects  with  the  beneficial  ones  in  an  effort  to  gain 
a  clearer  idea  of  the  status  of  the  groap  in  its  relations  with  man. 

In  a  broad  way,  we  may  consider  the  sabject  nnder  the  following 
beads: 
Insects  are  injnrioae: 

1.  As  destroyers  of  crops  and  other  valuable  plant  life. 

2.  Ab  destroyers  of  stored  foods,  dwellings,  clothes,  books,  etc. 

3.  As  injuring  live  stock  and  other  uaefol  animals. 

4.  As  annoying  man. 

6.  As  carriers  of  disease. 
Insects  are  beneficial : 

1.  As  destroyers  of  injurious  insects. 

2.  As  destroyers  of  noxious  plants. 

3.  As  pollenizers  of  plants. 

4.  As  scavengers. 

6.  As  makers  of  soil. 

6,  As  food  (both  for  man  and  for  poultry,  song  birds,  and  food  fishes) 
and  as  clothing,  and  as  used  in  the  arts. 

'Aildreuof  the  retiring  president  of  the  Biologio«l  Society  of  Waahington,  tlelir- 
ecedJuDoury  itj,1899.    Printed  in  SoieDoe,  Vol.Ui,No.21^FebniM3r  17,18W. 
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o  ugricalture,  that  lias  given  rise  to  tlie  comparatively  new  branch  of 
ipptied  scieuce  which-  we  dow  know  as  economic  entomology,  and 
which,  although  originating  in  Knrope,  has  tieen  encouraged  to  such 
»n  extent  in  oar  own  country,  owing  partly  to  our  greater  necessitiee 
and  partly  to  our  practical  turn  of  mind,  that  it  is  safe  to  say  that  at 
present  America  leads  the  reat  of  the  world  in  this  direction. 

It  ia  undoubtedly  true  that  this  enormous  iqjniy  to  crops  is  the  chief 
item  in  a  general  consideration  of  the  injuries  brought  about  by  insects.    . 

AS  DBBTBOYBRS  OF  FOODS,  DWELLINGS,  CLOTHR8,  BOOKS,  ETC. 

It  ia  safe  to  say  that  there  is  hardly  any  product  of  man's  ingenuity, 
hardly  one  of  the  thousands  of  nseful  materials  upon  which  depend 
his  comfort  and  happiness,  which  is  not  damaged,  directly  or  indi- 
rectly, by  insects.  The  timbers  of  which  his  dwellings  are  built,  nearly 
all  of  bis  household  ntensils,  his  garments,  practically  everything 
which  he  uses  as  food,  many  of  the  liquids  used  as  drink,  his  books, 
the  ornaments  with  which  he  surrounds. himself,  the  medicines  which 
he  takes  when  sick,  the  very  tobacco  with  which  he  solaces  himself— 
all  are  destroyed  or  injurionsly  affected  by  insects.  There  is,  perhaps, 
one  group  of  exceptions,  and  that  is  those  articles  which  are  composed 
wholly  of  metal,  and  yet  even  here  insects  may  occasionally  play  an 
injurions  part,  siuce  instances  are  on  record  of  the  destruction  of  lead 
pipes  by  insect  larvie,  and  the  perforation  of  the  metal  linings  of  water 
tanks  by  small  beetles. 

Such  injuries  to  human  products  are  more  frequent  and  serious  in 
tropical  regions  than  in  temperate  zones,  but  even  here  insects  of  this 
nature  cause  very  serious  inconvenience  and  great  annual  loss.  It  will 
answer  our  purpose,  perhaps,  to  list  some  of  the  varying  substances 
which  are  damaged  in  this  way,  to  get  an  idea  of  their  almost  univer- 
sal character:  Ham,  cheese,  salted  fish,  butter,  lard,  dried  mushrooms, 
rye  bread,  sweetmeats  and  preserves,  powdered  coffee,  almonds  and 
other  nuts,  raisins,  breakfast  foods,  chocolate,  ginger,  rhubarb,  black 
pepper,  vinegar,  sugar,  wines,  canned  soups,  tobacco,  snuff,  licorice, 
)>eppermint,  aromatic  cardamou,  aniseed,  aconite,  belladonna,  musk, 
opium,  ginseng,  camomile,  boueset,  hides,  shoes,  gloves  aud  other 
laather  articles,  furniture,  carpets,  drawings  and  paintings,  paint 
brushes,  gun  wads,  combs,  etc.,  made  of  horn ;  hay,  oats,  straw,  willow 
baskets,  ax  handles,  ladders,  wheel  spokes  and  all  sorts  of  agricultural 
implements  with  wooden  handles,  barrels,  wine  casks,  corks  of  wine 
bottles,  sheets  of  cork,  natural  history  collections,  including  skeletons 
and  mummies,  and  even  Persian  insect  powder !  The  mention  of  this 
well-known  insecticide  reminds  one  of  the  latest  discovery,  which  is 
that  certain  Hies  in  Califoniia  breed  in  the  crude  petroleum  pools  in 
the  vicinity  of  oil  wells,  a  fact  which  is  almost  paradoxical  in  view  of 
the  extensive  use  of  petrolenm  as  an  insecticide. 
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tii'iln  Ml  lliti  I'lilim  MIork  Yurdiiof  Chieaeo  f-:*- a  psiod  of  ax  ib-- 
i,t'«l,  lliV.iiii. 


D.qitizeabyG00l^lc 


THE  ECONOMIC   STATUS  OP  INSECTS  AS   A   CLASS.  555 

lat  on  the  advice  of  friends  he  moved  to  nortbem  New  York.  Here 
i  fouud  that  duriug  a  certain  portion  of  the  year  black  flies  made  life 
iiendnrable;  therenpon  he  packed  his  huasebold  effects  and  moved  to 
ortfa  Carolina.  Here,  however,  in  the  sammer  months  red  bugs,  or 
ggrers,  bothered  hitn  to  such  au  extent  that  he  feared  be  wonld  go 
razy,  and  in  this  desi>erate  condition  be  applied  to  this  office  to  learn 
''liether  there  existed  in  the  United  States  a  locality  where  a  sensitive 
adivldna)  coold  find  peace  from  attacks  of  insects.  He  said  tbat  he 
lad  been  told  that  in  the  Western  country  the  buffalo  gnat  was  greatJy 
o  be  feaired,  while  certain  other  biting  flies  wonld  be  snre  to  keep  him 
n  a  constant  state  of  dermal  irritation;  that  farther  sonth  he  knew 
tbat  peaceful  nights  were  to  be  gained  in  the  summer  time  only  ander 
the  protection  of  mosquito  bars.  He  had  tbonght  of  the  newly  devel- 
oping conntry  of  Alaska,  but  had  recently  seen  an  account  in  the 
newspaiier  of  the  ferocity  of  the  Alaskan  mosquitoes,  which  bad  prac- 
tically destroyed  his  last  hope. 

AccQstomed  as  most  of  us  are  to  the  mosquitoes  of  temperate  Nco-th 

America,  we  hardly  realize  the  impression  which  they  made  apon  the 

early  English  travelers.    A  story  told  by  Eirby  and  Spence,  to  the 

effect  that  Mr.  Weld  in  liis  travels  relates  from  General  Washingtoii 

tbat  in  one  place  the  mosquitoes  were  so  powerfbl  as  to  pierce  through 

his  boote,  has  always  excited  my  interest  and  cariosity,  and  I  recenUy 

took  the  trouble  to  consult  the  original  publication,  which  is  "Isaac 

Weld's  Travels  through  North  America,  ITOS-ITST,"  London,  179ft.    In 

speaking  of  Skenesboroogh,  in  northern  New  York,  Mr.  Weld  dilates 

upon  the  nomber  and  ferocity  of  the  mosquitoes,  and  makes  use  of  the 

following  words:  "General  Washington  told  me  that  be  never  was  so 

much  annoyed  by  mosquitoes  in  any  part  of  America  as  in  Skenettbor- 

ough,  for  that  they  used  to  bite  throngh  the  thickest  boot"    Now, 

knowing  that  the  boots  of  those  days  were  very  thick  and  that  the 

mosquitoes  of  that  time  must  have  been  stractarally  identical  with 

those  of  to-day,  there  arises  instantly  a  question  of  veracity  between 

Mr.  Weld  and  General  Washington ;  and  as  we  know  from  Dr.  Weems's 

veracious  history  that  General  Washington  was  so  constitoted  tliat  he 

could  not  tell  a  lie,  it  looks  very  much  as  though  Mr.  Weld,  like  many 

another  English  b'aveler  who  has  written  a  book  on  his  retoru  home, 

has  tMeu  inclined  to  overstate  the  truth. 

In  these  days  of  comparative  personal  cleanliness  some  of  the  most 
disgasting  of  the  insect  annoyers  of  man  have  dropped  out  of  sight. 
The  lice,  which  in  former  days  were  common  in  all  classes  of  society, 
from  king  to  peasant,  are  now  comparatively  anknowo.  The  itoh  dis- 
ease, which  carried  oiF  many  a  famous  character  in  history,  is  equally 
rare.  That  it  still  persists,  however,  is  shown  by  an  occasional  case 
reported  in  medical  jonrnals.  For  example.  Dr.  Bobert  Hessler,  of 
Indianapolis,  reported  in  I8d2  a  case  in  his  own  practice  of  typical 
Norway  itch  iu  which  the  itoh  mites  were  present  in  the  skin  of  the 
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|ia(ieiit  in  euoniiouH  uanibeis.     A  roagh  esttmate  showed  7,Wv.'< 
cggn  and  2,000,000  mites. 

Tboae  of  as  whu  live  iu  a  reasonably  civilized  way  ara  oonfismL . 
oar  experienue  of  aaiioylDg  insects,  largely  to  tbe  forms  toentiosM 
our  opening  paragraph,  namely,  mosqaitoee  and  hoase  flies  and  nt\- 
Dens;  bat  a  glance  through  tbe  medical  literature  rev-eals  the  exuteut 
of  more  or  less  &eqaent  naaes  of  such  a  natare  that  tliey  are  little  bi 
than  horrible.  Prominent  among  these  are  the  cases  of  so-oDk 
Myasis,  and  especially  those  resulting  ^m  the  attacks  of  tbe  scr* 
worm  fly,  Comptomt/ta  ma4xUaria.  I 

Residents  of  temperate  regions  are  fortunate  as  compared  with  tbm 
of  tropical  regions  in  respect  to  the  ^tersoually  aDnofiagf  Insects.  Or, 
troablee  from  these  individually  insignificant  causes  are  intensifieal ' 
a  degree  in  warmer  countries,  where  the  comfort  of  tbe  individei : 
absolutely  deiwnds  upon  the  adoption  of  measures,  always  AiKn- 
and  frequently  impracticable,  to  exvlade  insects  from  tns  person  ix 
from  his  food.  ThiH  is  so  weU  known  in  these  days  of  numerous  boob 
of  travel  that  I  will  close  this  aspect  of  onr  qnestion  simply  vil^  i 
quotation  fr'oru  a  poet  of  the  Indies,  written  many  years  ago: 
"On  erery  diah  the  booming  beetle  Mis, 

TbA  oockrokch  playa,  or  i»terpill»T  crairls ; 

A  thoDBMid  sbkpM  of  Tkriegated  baes 

Psiade  tbe  table  and  inspect  the  HtewB. 

To  living  walla  tbe  Bwarming  bondredH  stick. 

Or  court,  a  dainty  meal,  the  oily  wick ; 

Heape  over  beapa  their  slimy  bodies  drench. 
•  Out  go  the  lamps  with  saffucHting  steacb. 

When  hideoue  inaecta  every  plate  defile. 

The  langh  how  empty,  and  how  forced  the  smile!" 

AS  OABBIEBS  OP  DISEASE. 

Manson's  demonstrated  transmissioD  of  the  fliaria  diseases  of  Ae 
East  (elephantiasis,  chyluria,and  lymph  scrotum)  by  insects;  tfaedi.'^ 
covery  by  Salmon  and  Smith  of  the  carriage  of  tbe  germ  of  l^ue 
fever  by  tbe  well-known  Southern  cattle  tick;  the  discovery  by  Bnwe 
of  the  fact  that  the  Tsetse  fly  of  Alrica  is  so  destructive  to  a 
not  by  its  bite  alone,  but  by  carrying  into  the  circulation  of  the  k 
that  it  attacks  the  micro-organisms  of  disease;  the  demonstration  b; 
Ilowe  and  others  of  the  previously  suspected  fact  that  tbe  pumleot 
conjunctivitis  of  tbe  Egyptians  is  spread  by  tbe  house  fly:  the  partly 
proven  hyiratbesis  of  Mausou  and  Gra.st4i  of  the  relation  existing 
between  mosquitoes  and  malaria;  the  circumstantially  proven  carriajif 
of  the  germs  of  Asiatic  cholera  and  typhoid  fever  by  flies;  the  demon- 
stration claimed  by  Finlay  of  the  carriage  of  a  mild  type  of  yellow 
fever  by  mosquitoes;  tbe  suggestion  by  Hubbard  that  the  "pink  eye' 
^f  the  South  is  spread  by  Hippelates;  the  well-recognized  fact  among 

^  Europeans  of  the  Fiji  Islands  that  witbont  a  veil  a  serious  natire 
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lye  disease  will  spread  throagk  the  medium  of  gaats.    Tbe  snggeBtion 
>y  Symond  of  tbe  agency  of  fleas  in  tbespread  of  tbe  buboDic  plagne; 
:.lie  demoDStration  of  antbrax  bacilli  in  inalignaDt  puBtalea  in  buman 
3eiii^s,  caased  by  the  bite  of  Tabauus  and  Stomoxys — al)  indicate  an 
important  and  very  iiyurioDS  function  of  insects  practically  nnsns- 
pected   until  comparatively  recent  years.     It  is,  in  fact,  a  rapidly 
Increaslti^  field  of  investigations,  the  possibilities  of  which  can  not  be 
accurately  established  at  the  present  time.     It  is,  however,  not  a  field 
'Which  should  be  luft  entirely  to  the  medical  bacteriologist;  the  ento- 
molos^st  should  have  a  share.    The  life  histories  and  habits  of  the 
insects  concerned  in  tbe  damage  should  bo  thoroughly  understood,  since 
it  is  not  impossible  that  otherwise  tbe  medical  investigators  may  find 
themselves  arriving  at  perhaps  anwarrant«d  conclusions.     For  exam- 
ple, it  is  a  fact  probably  unknown  to  tbe  medical  men  wbo  may  be 
strongly  impressed  by  tbe  suggested  carriage  of  typhoid  germs  by  flies, 
that  the  house  fly  so  common  in  our  dining  rooms,  rarely  breeds  in 
and  seldom  visits  human  excrement,  while  those  other  kinds  of  flies, 
which  do  so  breed,  are  rarely  attracted  to  articles  of  food  used  by 
homan  beings.    In  tbe  crowded  and  unnatural  conditions  of  army 
camps,  however,  and  especially  where  cavalry  regiments  are  stationed 
so  that  there  are  great  amounts  of  horse  manure,  the  house  fly  may 
breed  in  such  enormous  numbers  as  to  render  of  very  likely  ocoorrence 
a  departnre  from  the  normal  food  habits  of  tbe  adult. 

Enough  has  been  shown,  however,  to  emphasize  the  potentiality  of 
this  phase  of  insect  injury. 

BKNEPIT8. 
AS  DESTBOTEB8  OF   INJITBIOUS  INSECTS. 

The  economic  bearings  of  insect  enemies  of  insects  are  very  great, 
and  perhaps  this  is,  all  things  considered,  the  most  important  of  the 
beneficial  function  of  insects  as  a  class. 

In  tbe  eternal  warfare  of  organism  upon  organism,  in  tbe  perpetual 
strife  of  species,  one  preying  upon  another  and  that  upon  a  third,  the 
uoniplications  of  relations  of  fbrms  which  determine  the  abundance  of 
one  species  and  the  scarcity  of  another  are  nowhere  more  marked  than 
among  tbe  insects.  In  fact,  to  tbe  student  of  insects  who  has  followed 
out  even  a  single  chain  of  these  interrelationships  the  thought  must 
uecesBarily  come  that  upon  its  organic  environment,  and  especially 
opon  its  relations  with  its  living  neighbors  of  the  animal  kingdom, 
depend  tbe  chances  of  a  species  not  only  for  increase,  but  for  snrvival 
almost  to  no  lesser  degree  than  upon  its  inorganic  environment.  Tern- 
peratare  is  tbe  great  factor  which  controls  the  geographical  distribu- 
tiou  of  life,  and  temperature  is  at  the  back  of  all  these  apparent  living 
&ret  caases  which  control  the  abundance  of  a  species  in  a  given  region, 
provided  we  trace  them  far  enough.    Yet  these  living  oatues,  thtga.' 
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Hrlves  aflMl«d  by  other  hving  eaiues  in  aa  almaet  endless  cbaiji.  mmt 
Uhmh.  t«  all  sppeannce,  dwarf  CTea  taaperatore  ait  a  controlling  hevw. 

Tbere  U  nut  a  Kpeatm  of  inaect  tiiat  has  not  its  oatorsil  eiiefliiw  ic 
tb«  gaijw  of  other  inaectH;  there  is  not  one  of  these  other  insects  vbiii 
haH  not  it*  own  Inaeet  Cmh.  From  a  single  speeiee  of  Bombycid  nod. 
the  larvae  of  which  frequently  daauge  forests  in  Europe  to  an  alam- 
ing  extent,  tliere  hare  been  reared  no  less  than  60  species  of  bymet- 
oiiterous  |«r<isiteB.  From  a  single  caterpillar  of  Pliuia  brastiME  bam 
been  reared  2^3S  iodiridnalH  of  a  little  hymenopteroos  parasite,  Cefh 
dotowM  truncaUUum.' 

Ontbreaks  of  injnriooa  insects  are  frequently  stopped  as  tbon^t  bj 
magic  by  the  work  of  insect  enemies  of  the  species.  Hubbard  foand. 
in  IfStJO,  that  a  minute  parasite,  Trickogramma  pretiosOf  alone  ui 
onaided,  dmost  annihilated  the  fifth  brood  of  the  cotton  worm  ii 
Florida,  Mly  90  per  cent  of  the  eggs  of  this  prolific  crop  eaemy  hmg 
infested  by  the  parasite.  Not  lunger  ago  than  1895,  in  the  city  of 
Washington,  more  than  97  per  cent  of  the  caterpillars  of  one  of  mr 
most  important  shade-tree  pests  were  destroyed  by  parasitic  ineecta, 
to  tlie  complete  relief  of  the  city  the  fbllowing  year.  The  Heasian  fl;, 
that  destructive  euemy  to  wheat  crops  in  the  United  States,  is  practi- 
viilly  unconsidered  by  the  wheat  growers  of  certain  States,  for  Um 
reason  that  whenever  its  numbers  begin  to  be  iqjurioosly  great  iti 
parasites  increase  to  such  a  degree  as  to  prevent  appreciable  dama^ 

The  control  of  a  plant-feeding  insect  by  its  insect  enemiee  is  u 
extremely  complicated  matter,  since,  as  we  have  already  hinted,  the 
parasites  of  the  parasites  play  an  important  part.  The  undne  molti- 
plication  of  a  vegetable  feeder  is  followed  by  the  undue  maltapUcatiaB 
of  paraiiites,  and  their  increase  is  followed  by  the  increase  of  hyper- 
parasites,  Following  tlie  very  instance  of  the  mnltiplicatiou  of  Um 
shade-tree  caterpillar  Just  mentioned,  the  writer  was  able  to  determine 
this  parasitic  chain  daring  the  next  season  down  to  quaternary  para- 
sitisni.  Beyond  this  point  true  internal  parasitism  probably  did  not 
exist,  but  even  these  quaternary  parasites  were  subject  to  bacterial ac 
fungus  disease  and  to  the  attacks  of  predatory  insects. 

The  prime  cause  of  the  abundanceor  scarcity  of  a  leaf-feeding  speewe 
is,  therefore,  obscure,  since  it  is  hind<3red  by  an  abundance  of  ptimaiy 
piirnsites,  favored  by  an  abundance  of  secondary  [wrssites  (since  these 
will  destroy  the  primary  parasites),  hindered  again  by  an  abundance 
o(  tertiary  parasites,  and  favored  again  by  an  abundance  of  qnatenary 
pariksites. 

The  subject  of  dling  of  insect  enenuee  of  insects  has 

come  into  great  Ting  the  past  ten  years.    The  sogges- 


'TbisobwrrBtiun.  tni  "h«l<l  the  motwd,"  as 

nkK  uiftdc  by  Mr.  'nil«4  StatM  DrputaMit  of  Agiiroltaiv. 

KtHt'uU;.  boiTpveT,  tits,  hu  gnofe  than  ^OSO  apttimi^  ^tte 

MuiM  puM)l«  rvMed  pillar. 
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tion  by  the  Rev.  Dr.  Betbaoe,  of  Canada,  many  years  ago,  of  the 
desirability  of  importing  tbe  Earopeau  parasite  of  the  wheat  midge 
into  A.mericawa3  probably  the  firat  published  international  snggestion 
of  tbis  natare,  and,  although  some  subsequent  correspondence  between 
ISnglish  and  American  entomologists  ensued,  no  parasites  were  actually 
sent  over.  Later,  attempts  were  made  by  LeBaron  in  the  case  of  a 
parasite  of  the  oyster-shell  bark  louse  of  the  apple,  and  by  Professor 
Kiley  in  the  case  of  a  parasite  of  the  plum  curculio,  to  transport  para- 
sites from  one  section  of  the  United  States  to  another,  both  attempts 
meeting  with  some  slight  success. 

In  1S73  PlaDcbon  and  Biley  introdaced  an  American  predatory  mite, 
wliich  feeds  in  this  country  on  the  grape  vine  Phyllo-iera,  into  France, 
where  it  became  established,  but  where  it  accomplished  no  appreciable 
results  in  the  way  of  checking  the  spread  of  this  famous  vine  pest. 

In  1874  eflbrts  were  made  to  send  certain  parasites  of  plant  lice  from 
England  to  New  Zealand,  without  recorded  results  of  value. 

In  1880,  in  au  article  upon  the  parasites  of  American  scale  insects, 
the  writer  showed  that  international  transportation  is  especially  easy 
and  especially  desirable  in  the  case  of  these  insects. 

In  1883  Dr.  Biley  succeeded  in  importing  a  common  European  para- 
site of  the  imported  cabbage  worm  into  this  country,  where  it  estab- 
lished itself  and  has  since  proved  to  be  a  valuable  addition  to  our 
fauna. 

In  1891  the  same  diatingaished  entomologist  brought  about  the  impor- 
tation of  one  of  the  European  parasites  of  the  Hessian  fly  through  the 
assistance  of  Mr.  Fred.  Enock,  of  London.  This  parasite  maintained 
itself  in  this  country  certainly  as  late  as  1895,  but  has  accomplished  no 
appreciable  good,  so  far  as  has  been  ascertained,  in  limiting  the  increase 
of  this  destructive  enemy  to  wheat. 

All  previous  experiments  of  this  nature  were  dwarfed  into  insignifi- 
cance by  the  astounding  success  of  the  importation  of  A'oriwa  ( Vedalia) 
eardinalis,  a  ladybird  beetle,  tcom  Australia  into  California  in  1889. 
This  importation  was  made,  as  will  be  remembered,  by  Mr.  Albert 
Koebele,  an  attache  of  the  Division  of  Entomology  of  the  United 
States  Department  of  Agriculture,  whose  expenses,  however,  were 
paid  ont  of  a  fund  appropriated  to  the  Department  of  State,  for  the 
purpose  of  securing  a  representation  from  this  country  to  the  Mel- 
bonnie  Exposition.  A  California  man,  the  late  Mr.  Frank  ^IcCoppin, 
happened  to  be  at  the  head  of  the  exposition  commission ;  and,  while 
the  late  Dr.  O.  V.  Biley  was  endeavoring  in  Washington  to  induce  the 
Department  of  State  to  set  aside  a  sum  from  the  exposition  fund  for 
tbe  expenses  of  Mr.  Koebele,  representatives  of  the  State  board  of 
horticnlture  of  California  were  pressing  the  same  facte  upon  Mr.  Mc- 
Coppin,  tlie  head  of  the  commission.  These  etforte  were  made  inde- 
pendently and  without  consultation,  hence  it  happened  that  after  Mr. 
Koebele  had  succeeded  in  sending  live  Vedalias  to  California,  and 
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«|tT«Ml  of  one  species  at  the  expense  of  the  others,  bat  tbe  exact  <f:<  - 
sitv.  so  here  also  to  a  degree  we  find  natore  armiyed  agaioBt  r. 
•Dd  insects  thas  play  by  no  means  the  same  part  in  the  destnic&: 
«e«4)s  that  they  do  id  the  destmctiou  of  caltivated  crops.  Never. 
les&  they  hare  an  important  function  in  this  direction,  and  it  is  «^ 
ray  that  the  benefit  which  the  agricultnrist  derives  from  their  wott 
this  way  is  very  great.  As  long  ago  as  the  beginning  of  the  cecr 
it  waa  iH>iiit^  out  by  Sparrman  that  a  region  in  Africa  whidi  -• 
been  vhoked  op  by  shrubs,  perennial  plants,  and  bard,  balf-vitlKT>' 
and  unpalatable  grasses,  after  beiiig  made  bare  by  a  visitadt-n 
dedtrurtive  grasshoppers,  soon  appeared  in  a  far  more  beantifitl  dr? 
clothed  with  new  herbs,  superb  lilies,  and  fresh  annoal  grasses,  alk:. 
ing  delicious  herbage  for  the  wild  cattle  and  game. 

lu  a  similar  way  Uiley  has  called  attention  to  the  fact  that  afta'>- 
great  grasshopper  invasions  of  Colorado  and  other  W^estem  States : 
the  ^ears  ISTl  to  18TG  there  were  wdoderM  changes  in  the  chanc:' 
of  the  vegetation,  the  grasshopper  devastations  being  followed  bv. 
great  prevalence  of  plants  which  in  ordinary  seasons  were  scarce. 
noticed.  It  is  true  that  some  of  these  plants  were  dangeroos  wtf  -- 
but  others  were  most  valuable  as  forage  for  the  half-starved  liresiix.- 
Moreover,  other  plants,  and  especially  short  or  recnmbent  grasses,  lai 
on  a  ue^v  habit  aud  grew  luxnriautly;  one  species,  for  example,  I^' 
gn>»ti»  potroiiks,  ordinarily  recumbent  aud  scarcely  noted,  grew  in  p-> 
ftision  tu  a  height  of  3^  feet. 

An  important,  but  not  generally  realized  benefit  which  is  derm-. 
{h>m  the  insects  may  be  meutioned  under  this  head,  though  not  striiilr 
belonging  hem  Kirby  showed,  seventy-five  years  ago,  that  the  inaten 
that  attack  the  roots  of  grasses,  such  as  wireworms,  white  grubs,  «c 
iu  ordinary  seasons  only  devonr  so  much  as  is  neoessaiy  to  make  n» 
for  fi^sh  shoots  and  the  product  of  new  herbage,  in  this  manner  mm 
taiuing  a  constant  succession  of  yonng  plants  and  causing  an  anuiul 
though  partial  reuov.ition  of  our  meadows  and  pastures,  "so  that,Tba 
in  moderate  numbers,  these  insects  do  no  more  harm  to  the  grass  tbtz 
would  tlio  sburp-toothed  harrows  which  it  has  sometimes  been  oblipi 
to  apply  to  hidebound  pastures,  and  the  beneficial  operation  of  vhicJ 
iu  loosening  the  subsoil  these  insect  borers  closely  imitate." 

AS  POLLKNIZERS  OP  PLANTS. 

It  can  no  louger  be  doubted  that  cross  fertilization  is  one  of  the  verr 
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ug  plants,  repeated  with  maoy  species  and  genera,  have  shovn  a 
iiiperioT  growth  and  vitality  on  the  part  of  those  subjected  to  cross  fer- 
'.ilizatioD  of  such  a  degree  as  to  leave  not  a  semblance  of  a  doabt,  while 
n  iDdivldnal  cases  self-fertilization  has  been  scientifically  shown  to 
dven  result  in  a  deterioration  so  marked  that  it  has  been  compared  to 
(HtiaoiiiDg. 

In  this  condition  of  affairs  it  at  once  becomes  evident  that  the  good 
offices  of  insects  in  tbis  direction  ore  of  incalculable  importance,  since  it 
must  be  plain  that  of  the  natural  agencies  by  which  cross-fertilization 
of  plants  is  accomplished  insects  are  far  and  away  the  most  prominent 
Svery  investigation  which  has  been  undertaken  of  recent  years,  aad 
activity  in  this  field  is  increasing  by  leaps  and  bounds,  has  shown  the 
most  marvelous  adaptations  between  the  structure  of  dowers  and  the 
structure  of  their  insect  visitants,  all  iu  the  line  of  facilitating  or  really 
I  enforcingthe  collecting  and  carriage  of  pollen  by  dower-visiting  insects 
from  one  plant  to  another.  An  estimate  of  the  numbers  of  the  species 
of  insects  engaged  in  this  work  would  include  the  forms  belonging  to 
whole  families  and  almost  orders,  and  if  we  could  imagine  the  race  of 
flower- visiting  insects  wiped  out  of  existence  the  disastrous  effect  upon 
.  plant  growth  would  be  beyond  estimate.  I  am  not  prepared  to  state 
that  insects  benefit  plants  in  this  way  to  such  an  extent  as  to  overcome 
the  results  of  the  work  of  the  plant-destroying  species,  hut  if  it  were 
possible  to  compare  in  any  way  the  results  of  these  two  classes  of  work 
it  ia  safe  to  say  that  the  effect  would  be  surprising. 

We  must,  therefore,  without  going  further  into  detail,  place  this  pel- 
leuization  of  plants  as  one  of  the  very  most  important  beneficial  fac- 
tions of  insects  in  their  relations  to  man. 

AS  SOATENaBBS. 

Another  beneficial  function  of  insects,  the  importance  of  which  can 
hardly  be  overestimated,  is  their  value  to  humanity  in  doing  away  with 
and  rendering  innocuous  dead  matter  of  both  plant  and  animal  origin. 
This  subject  has  never  been  discussed  without  reference  to  the  famous 
statement  by  Linnxns  that  the  offspring  of  three  blowflies  would 
destroy  the  carcass  of  a  horse  as  quickly  as  would  a  lion;  and  while 
the  exact  statement  in  its  details  is  open  to  doubt,  still  it  serves  to 
illoBtrate  in  a  striking  way  the  good  offices  of  iusects,  and  it  is  cer- 
t^uly  tme  that  after  the  offspring  of  the  blowfly  have  finished  with 
the  horse's  carcass  tbis  would  be  left  in  a  much  less  offensive  condition 
than  after  the  departure  of  the  lion. 

There  are  inhabited  regions  in  which  the  climate  is  so  dry  that  dead 
bodies  of  animals  never  become  offensive,  but  by  natural  mummifica- 
tion remain  simply  as  cumberers  of  the  earth.  In  such  regions  insects 
play  little  part  Wherever,  however,  there  is  sufficient  moisture  to 
produce  a  natural  decay,  there  insects  occur  iu  swarms  and  hasten  the 
destruction  of  the  decomposing  mass  in  a  marked  degree.    Were  t^e 
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Si«c.ia»  «c  Aemi  t^'™*^  mot  dMtroyed  hy  insects  in  this  way,  aad.  <i 
^n^  wrr  ibr  dBHi»tli>»  of  dead  Tsgutation  not  hastened  as  it  ii 
i^  M^sac^  (-f  MMKilees  iaseds,  it  is  perfectly  easy  to  see  Ak  z^ 
«aru.  v-AtJii  sM  W  iahahitaUe;  its  sarfftoe  would  be  covered  vitb^ 
n>^Rffinrr!:i:<jp  i^aua*  of  wkat  was  tmoe  life  in  some  form. 

Ia;^  ^T«q:}w  of  iawcta.  coainsiQf:  many  tboasands  of  speciM,  - 
;iKt  :;x  ix^  :iiwrri»iMf  work,  and  it  will  probably  be  aoneccaan . 
Mrt>:f  In  Vr.i^  aikwt  a  rcatixatMu  of  this  value  to  dwell  fortlicr  a. 

AS  XAKKR8  OP  SOIL. 

\\  ;>  A  i»ei  3M  featnllx  realized  that  insects  most  take  an  impGRi 
j't^n  '.-  :^<  <^a£p[t$  ia  iht  character  of  the  soil  which  are  con^tic:: 
j^v-.  <  .e.  iWx^im£f:  ia  each  eoaotless  millions,  as  they  do,  oonstii: 
}«-;L<cr*:  : ;  tb«  a'kI  ia  all  diiectionK,  frequently  dragging  vegetiDt 
ivw.'«  t^^  i^r^MV  aad  bKngiBe  the  sabsoil  up  to  the  surface,  chup. 
;V  v±u^^-:«c  fi'tb^  $•.>:!  huBOsby  passing  it  through  their  bodieE.L 
iif'j:.,-,:  j:  ^i*  efcTlh  i>y  their  own  death  and  decay,  it  is  prob^le  u 
i:v!«v;:^  ATv  n6i<i>a$;b>  for  even  mom  soil  change  than  are  the  o-' 
«\v^-.$,  w^x^  Ikuvia  has  placed  before  us  in  such  aa  important  li^: 

lu^«v:««n'  ;Vv:!:d  beaeath  the  ground  iu  iucredible  numbers.  Sou 
«>;  tb^Bi  iiuk^^  (!:iKr  whole  hfe  uDdergroaod,  feeding  upon  roots  and !vf 
Iv:^  Bixm  de^  «a^  decaying  vegetable  matter,  npoo  soil  humus,  *» 
u)s>u  «>;~:er  :n;«vi».  Many  of  them  have  their  nests  nnde^n»Q^ 
a::hv>uj:h  the>  get  their  food  elsewhere,  while  others  hide  their^- 
«r  j.HHve  aad^rjiiMUud. 

The  de|>ih  to  which  they  penetrate  is  something  surprising;  tb 
aiiuuie  ini^vis  of  the  fuaily  Poduridie  have  been  found  swsnm:: 
liiertLll}-  by  the  milihm  Ml  a  depth  of  6  to  8  feet  iu  a  stiff  clay  subaoil 

AS  l\>OD   ASD  t'LOTHlMG   LKD  AS  USED  IM  THE   ABTS. 

In  this  T\ile  insects  |>lay  an  important  part.  Insects  as  food  u^ 
their  i>n>ducts  as  clothing  are  well  known  to  all.  The  great  silk  iiKl» 
try  uf  the  world  is  derived  wholly  from  itisects  and  almost  eotiiv:; 
tVuw  a  single  species — the  silkworm  of  t'ommerce. 

A»  food,  iuttect^  have  formed  articles  of  diet  for  certain  savage  pei^ 
»iuce  the  beginning'  of  the  human  race.  Hope,  in  1812,  catalogued  # 
species  of  insects  used  as  food,  and  Wallace,  in  1854,  showed  ikii 
iusei-ts  of  sis  different  orders  were  used  as  food  by  the  Indians  of  tbt 
Amazon.    Semic*  •wples  to-day  use  certain  insects  as  food,v 

witness  the  cot'  ''lorixa  eggs  by  the  Mexicans,  and  a  boot 

has  been  writt  ition  Why  Not  Eat  Insects!  for  the  par 

|)ose  of  showii  ossibilities  in  the  way  of  dietetics  an 

being  ignored  Fontvielle,  in  addressing  the  Socieb 

d'lnseetologie,  3d  regret  that  the  attempts  tnsde  te 

popularize  the  food  have  made  so  little  progress,  uxJ 
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.id  tliat  we  oaght  not  to  forget  the  remark  of  the  Boman  emperor 
ho  said  tbat  the  body  of  an  enemy  nevn  tasted  bad,  and  tbat  tbe 
ftnqnet  of  the  Bociety  woald  always  lack  something  so  long  as  there 
as  not  placed  before  them  at  least  some  grasshopper  farina  and  fHed 
"bite  worms. 

A  Biogle  insect,  the  honey  bee,  fnrnishes  a  notable  article  of  food  and 
)  the  basis  of  a  great  and  world-wide  indnstry. 

Ab  food  for  poultry,  song  birds,  and  food-fish  insects  are  iadirectlyof 
:reat  benefit  to  man.  Not  only  do  they  provide  living  food  for  sach 
biiimals,  but  Corixa  mercenaria,  a  water  bag,  ia  now  being  imported  by 
he  ton  from  Mexico  into  England  as  food  for  birds,  poultry,  game,  and 
Ish.  One  ton  of  these  bugs  has  been  computed  by  Mr.  G.  W.  Kirkaldy 
M  contain  250,000,000  of  insects.' 

In  the  days  of  pnre  empiricism  in  medicine  insects  were  used  exten- 
sively, and  we  have  only  to  mention  the  Spanish  fiy  to  show  that  they 
are  still  of  some  value. 

In  tbe  arts  shellac  and  Chinese  white  wax,  as  is  well  known,  are 
insect  prodncts,  as  alra  are  the  formerly  greatly  nsed  cochineal  dye  and 
Polish  berry  dye,  the  so-called  berry  in  this  case  being  an  insect  and 
not  a  berry. 

Tbe  last-named  instances  are  all  derived  from  scale  Insects,  a  group 
of  astonishing  capacity  for  multiplication,  the  commercial  possibilities 
of  which  are  by  no  means  exhausted,  as  I  took  pleasnre  in  showing  in  a 
paper  read  before  the  American  Association  for  the  Advancement  of 
Science  in  1897.  it  shonid  be  noted  here  also  tbat  there  is  good  rea- 
son to  believe  that  the  manna  of  the  Bible,  upon  which  the  Children  of 
Israel  subsisted  while  in  the  wilderness,  was  also  the  secretion  of  a  scale 
insect. 

SUHMABT  OF  THB   HABITS  OF  INSECTS. 

After  this  general  account,  arranged  under  the  classes  of  damage  tud 
classeH  of  benefits  brought  about  by  insects,  it  will  be  well  to  attempt 
an  arraugement  of  the  subject  in  a  somewhat  difl'erent  manner  in  order 
to  gain,  if  possible,  some  light  as  to  the  relative  proportion  ot  insects 
which  are  injurious  or  beneficial. 

It  will  be  manifestly  impossible  to  catalogue  the  species  or  the  genera 
in  this  way,  and  it  will  be  obvious  that  a  classification  ttom  families 
will  be  lacking  in  exactness,  since  some  of  the  families  are  very  large 
in  number  of  species  and  others  exceedingly  small;  but,  taking  the 
groups  as  a  whole,  no  better  and  speedier  means  suggests  itself  than 
to  sammarize  the  habits  by  families. 

ADother  difficulty,  however,  which  arises  in  such  a  classification  is 
the  fact  th.it  some  orders  are  in  a  much  more  advanced  stage  of  classi- 
fication than  others,  and  the  force  which  is  given  to  a  family  as  a 

'JCntomologiBtB'Mouthlf  Magazine,  A tigDst,  1898. 
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In  tbe  Hotnoptera  we  have  9  families,  all  of  wbicb  are  iojnrions,  except 
lat  here  and  there  a  species  has  bad  a  commercial  value,  like  tbe  lao 
lid  dye  ineecta. 

lu  tbe  Heteroptera  there  are  11  families  which  are  strictly  plant 
seders;  8  are  strictly  predaceous;  3  are  both  iDjurions  and  preda- 
eousf  while  the  economic  value  of  13  is  more  or  lees  doubtfol.  Host 
f  these  last  are  aqaatic  and  have  some  valae  aa  fish  food. 
The  insects  of  tbe  single  family  of  the  order  Fbysaptera  are  injnrions. 
In  tbe  Orthoptera  we  have  1  family  of  strictly  predaceons  habits,  1 
rhioh  has  a  mixed  food  and  is  partly  injnrioaa  and  partly  beiieficifd,  as 
ts  species  become  scavengers;  the  habits  of  1  family  are  nnknowu,  while 
u  the  4  remaining  families  the  species  are  all  injnrions  as  destroyers  of 
vegetation. 

The  insects  of  tbe  single  family  of  the  order  Euplexoptera  are  prob- 
ably beneficial  as  predatory  forms  and  scavengers. 

The  single  family  of  the  order  Hallophi^a  is  iujnrions,  containing 
parasites  of  birds  aod  mammals. 

In  the  Gorrodentia  the  habits  of  the  insects  of  the  single  family  are, 
on  the  whole,  of  little  economic  importance,  though  the  species  are  to 
be  classified  in  the  main  as  scavengers. 
In  the  Isoptera  tbe  forms  belonging  to  tbe  two  families  are  injarioos. 
In  the  order  Plecoptera  the  species  of  the  single  family  are  practi- 
cally ueatral  in  their  economic  relations,  althoagb  tbey  possess  some 
value  as  fish  food. 

All  of  the  insects  of  the  single  family  of  tbe  order  Odonata  may  be 
called  beneficial,  Tbe  adnlts  »re  predaceons  npon  other  insects,  and 
are  thas  strictly  beneficial,  bat  the  larvie  may  in  a  sense  be  termed 
injnrions,  since  tbey  are  twinatic  and  prey  upon  other  aqaatic  insects 
which  themselves  may  be  food  for  fishes. 

The  insects  of  the  single  family  of  the  order  Kpbemerida  are  of  little 
economic  value,  except  that  they  are  imjiortant  fish  food. 

Lastly,  tbe  insects  of  eight  of  the  families  of  Thysanura  are  beneficial 
as  scavengers  and  soil  makers,  while  some  of  the  species  of  one  family 
are  somewhat  harmful  from  the  damage  which  tbey  do  in  households. 

Tabulating  tbe  facts  tbns  gained  we  have  tbe  following:  Injurious  as 
feeding  upon  cultivated  and  useful  plants,  the  insects  of  112  families; 
injurious  as  parasitic  upon  warm-blooded  animals,  the  insects  of  1 
family;  beneficial  as  preying  upon  other  insects,  the  insects  of  79  fami- 
lieB;  beneficial  as  scavengers,  the  insects  of  32  families;  beneficial  as 
pollenizers  only,  the  insects  of  2  families;  beneficial  as  forming  food  for 
food-fishes,  tbe  insects  of  3  families;  of  undetermined  economic  impor- 
tance, the  insects  of  49  tamiltes;  families  containing  lx>th  injarioos  and 
beneficial  forms,  22  families.  The  totals  are:  Beneficial,  the  insects 
of  113  families;  injarioas,  the  insects  of  116  &miUeB;  both,  or  onde- 
termined,  tiie  insectft  of  71  funilies. 


D.qitizeabyG00l^lc 


56$        TBI  ■ro509ac  vurc?  am  i 


A3diiu<rcfae-iii&>ci>B  !»:  Ars ^  lor  a^a^ Tfae  i 
defienDiiuuutn  •»'  the  eciinawe  ▼>!■»  -H'  ^Ak  «riai*  :& 
9Car:f  W<  j^ire.  p>^r!u^M.  .Biiiiiirf  br  dm  ^i^^i^ 
the  erDQumu-  .[Di»ir!aiiee  -it  jmrxt^  ami  pa^ifaiy  ^  i 

atir  ii:TirtK4;    inc  we  •; 
3a<i  I  <«r  :i  »:ra  iil  r^naence  , 
uie  z"""!  'ill  TwruT  >t  ^  -^ 'in'  -r-jsm^-^m 

inrmre^  "■>  ■!:<*■  SHyj'''*  T'linsk.  -atw  SBKt7  wrtii   iVBni'~«  - 

inssirn.di-aat;.  ran*  .Tulirsr   >a  3»  i»  jJufriV  3i*  ■ 


>  ~ew  rf  2 


uscTUK  T:ni  ■ 


irrcii  >  1  "»Mjr.~f    in»?.  u:tL  unea  n-c    urpeM  :inin   — _jir    u:  : 


Ta  ^aizn  <■  ■^•TJ^>  -*ii^     3^r  t  .-.i^  > 


rTm>.ir  ;:e-  «rr_z: 


:q,t7,:rb;G00l^lc 


THE    ECONOMIC    STATUS   OP   IN6ECTB   AS   A   CLASS.  569 

f  this  dominaottype  is  oiie  of  the  most  interesting  fields  of  stndy  open 
->  1;he  biologist  to-day.  It  wonld  seem  as  if,  in  man's  efforts  to  make 
lie  fa«e  of  the  earth  his  own,  all  the  complicated  elements  or  life  were 
.nrayed  against  him,  and  the  great  and  ultimate  lesalt  of  the  labor  of 
'be  biologist  in  bis  stndy  of  the  relations  of  the  different  forms  of  life 
Lod  the  laws  which  govern  their  development  will  be  to  bring  abont 
\Jbe  absohite  control  of  all  other  life  by  man.  Thas  it  is  not  only  the 
ijconomic  worker  who  looks  for  immediate  resalta  of  a  practical  kind 
from  bis  labor — the  scientific  agricnltnrist,  the  horticnltnrist,  the  eco- 
nomio  zoologist,  the  medical  bacteriologist — who  shonld  command  the 
respect  of  even  the  practical-minded  man,  bat  the  biologist  in  whatever 
field,  however  restricted  it  may  be,  whether  he  is  working  toward  the 
iinderstandtng  of  broad  principles  and  general  laws,  or  whether  in 
BOine  narrow  comer  of  research  he  is  accnmnlating  material  which  will 
lielp  ultimately  to  lead  to  wider  understandings— all  are  working  help- 
Ailly  and  practically  toward  the  perfect  well-being  of  the  human  race. 
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RECENT  ADVANCES   IN  SCIENCE,  AND   THEIE   BEARING 
ON  MEDICINE  AND  SUEGEBY.^ 


By  Prof.  R.  Viechow. 


The  honor  of  being  invited  to  deliver  the  second  Haxley  lecture  has 
deeply  moved  mc.  How  heautifal  are  tbeae  days  of  remembrance 
which  have  become  a  national  cnatom  of  the  English  people  1  How 
toucbiug  is  this  act  of  gratitude  when  the  celebration  is  held  at  the 
very  place  wherein  the  geniuB  of  the  man  whom  it  commemorates  was 
first  guided  toward  its  scientific  development!  We  are  filled  notalone 
with  admiration  for  the  hero,  but  at  the  same  time  with  gratefnl  receg> 
nitiou  of  the  institntiou  which  planted  the  seed  of  high  acIiieTement 
in  the  soul  of  the  youthful  student.  That  you,  gentlemen,  slionld  have 
entrusted  to  a  stranger  the  task  of  giving  these  feelings  expression 
seemed  to  me  an  act  of  such  kindly  sentiment,  implying  such  perfect 
confidence,  that  I  at  first  hesitated  to  accept  it.  How  am  1  to  find  in 
a  strange  tongue  words  which  shall  perfectly  express  my  feelings) 
How  shall  I,  in  the  presence  of  a  circle  of  men  who  are  personally 
unknown  to  me,  but  of  whom  many  knew  him  who  has  passed  away 
and  had  seen  him  at  work,  always  find  the  right  expression  for  that 
wbich  I  wish  to  say  as  well  as  a  member  of  that  circle  itself  couldt  I 
dare  not  believe  that  I  shall  throughout  succeed  in  this.  But  if,  in 
Bpite  of  all,  I  repress  my  scruples  it  is  because  I  know  bow  indulgently 
my  English  colleagues  will  Judge  my  often  incomplete  statements,  and 
how  fully  they  are  inclined  to  pardon  deficiency  in  diction  if  they  are 
convinced  of  the  good  intentions  of  the  lecturer. 

PBOFEBSOB   SUXLET'S   WOBK. 

T  may  assume  tbat  such  a  task  would  not  have  been  allotted  to  me 
had  uot  those  who  imposed  it  known  liow  deeply  the  feeling  of  admira- 
tion for  Huxley  is  rooted  within  me,  had  they  not  seen  how  fully  I 
recognized  the  achievements  of  the  dead  master  from  his  first  epoch- 

'The  secood  Hiuley  lecture,  delivDred  by  Prof.  S.  Vircliow  at  the  opening  of  the 
winter  aesaion  of  Charing  Cross  Hoepital  Medical  School,  on  October  3.  Bepriuted 
ftom  the  London  Times  in  Natare,  No.  1510,  Vol.  68,  October  6, 1898. 
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frtin  .y.m  .n  hw  laiytrjawy — «  wt-  Badnc  «nc  MXMatDag  to  free 
(VHwI.t.nn'* — Mirf  rill  iiniiiiiii  riiwf  bii  ■!■!  wliwhlBgr  tnhMftfur 
M  Rli*  ^vaMWDtmt  uiri  BA«t  laotiBC  ir^tfti  i  IwiH  of  ar  "^i^  t**^ 
j>in7^>-.n.  The  bwmc  «>Bpetait  wiSMW  W  HkxI^s  earfiot  poM'- 
flA?>-f^.(MMrBt.  PtofeMnr  FsMcr.  pvtaatei  m  tbe  fast  of  tfalM  kctim 
s  [>i^tjin»  <rf  the  nifiaij  ionaramBg  extowiaa  of  tke  btobtgical  bof' 
nl  ar A  «  hi/- h  Mn.'ii:  hs««  #rxeitcd  Bot  ool^aar  adMzratioa  bat  also  tbe  eBU 
ti/i*  "f  »II  who  irtiidj-  Bedicinc:.  ITpe*  me  Ac  duty  is  incnmtieitL! 
iwj>r\>trr»ting  witli  this  prcMntment  tbe  never  strides  of  koowkis 
t»ttil  r>r  Mtatioff  their  tndaence  npon  the  art  of  faealinf .  Sognatatut 
Is  thJM  that  it  wtmM  be  premraptDoiis  ervn  to  dare  to  attoopt  its  vrnc 
frlinhfiKmt  in  »  sinKle  lecture.  I  have  decided,  tberefbffe,  tbst  I  jbjS 
amtine  mynt-.it  to  merely  sketching  tbe  inflaence  of  biologicai  dieof- 
tr\nn  DjMiti  oiMlicine.  Id  this  way,  also,  will  tbe  example  of  Huilef  t* 
nHMt  irilcllifrible  to  nn,  I  mast  here  make  a  coDfession.  Wben  low 
to  »M»Ttaiii  bow  mncb  time  would  be  required  to  deliver  my  lecttm^ 
I  bwl  fireparul  it,  I  fonnd,  to  my  regret,  that  its  deliveiy  voald  occopf 
nearly  double  the  time  assigned  tome.  I  had  therefore  to  rednceitu 
slHiiit  half  of  its  original  dimeusione.  This  conld  only  be  done  bji«a^ 
oC  very  heroio  cuts,  serioasly  damaging  in  more  than  one  plm  nf 
chiiln  of  IdooH.  If,  therefore,  yon  should  find,  gentlemei),  tbst  d! 
tratinltlons  from  one  point  to  the  other  OGcaaionally  are  of  a  soinevbai 
Ruddenand  violent  character,  I  ttastyoa  wUl  bear  with  me  andremeii^ 
twr  that.  If  you  should  tuke  the  trouble  of  readioj;  my  addrees  lA" 
vmni,  yiiu  will  ho  letiH  shocked  than  you  may  be  to-day  by  mystsl^"'^'' 
whou  thoy  »p]K>ar  In  print. 

THK   HKOINNIBOS  OF  BIOLOGT. 

Iliixicy  hlmst'tf,  thou^fh  trained  iu  the  practical  Bchool  of  ChKinE 
rnwn  I  Uwpltitl,  won  hi»  s|>Mual  title  to  &me  in  the  domain  of  Hol^ 
.Vh  It  nia(U>r  of  fiu't.  lit  th»t  time  even  the  name  of  bJologf  ^t^^ 
rtnuo  into  ir^'iu'i'iil  nst\  It  was  only  recently  that  tbe  idea  of  h*  *™ 
ol.tiuuwi  ilsftill!*ij;uift.-»iice.  E\-en  in  tbe  late  Middle  Agesit^x* 
auttli'iont  strviijith  to  stni^jrle  thmu^h  the  veil  of  dogmstisM  inlot'' 
tij:)it,  I  «ui  yUd  to  t)^  atiW  to-dity  fiir  tbe  serood  tiae  to  credit  i^ 
Kii^tish  n»tK>u  with  tho  !tt>rvit,-e  ot'  h»\iu;  Bade  tke  iist  atttap"" 
4Witu«>  the  u.-ttutv  aiul  oh;(r».*ter  ot~  ItN^  It  was  F'nwcss  G&^sw^^ 
t\«tK>«t»)r  e\ptv*sl,v  ni  the  Kv:>4e(is  ot"  I'aratela*^  imv^stif^  *' 
J..-,..  J-  iw  r  ■.(■>  It  hevvuM  ::o:  e:;:vui»:e  :be  fta««reWfifc.hf  ■''"* 
»v*\-i-;i.wt  i;»  -  "    -fc-ten^ixv    T'.L'j  »  vkat  ke  was  ***«•' 
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matter  depends.  How  ^eat  was  the  step  from  Paracelsas  to  Glisson 
and,  we  may  continue,  from  Glissoa  to  Hanter!  According  to  Para- 
celsas, life  was  the  work  of  a  special  gpiritus,  which  set  material  sab- 
stance  iu  action,  like  a  machine;  for  Glisson,  matter  itself  was  the 
principium  energeticum.  Unfortunately,  he  did  not  conflne  tUia  dictnm 
to  living  Bubstances  only,  bnt  applied  it  to  snbstance  in  general,  to  all 
matter.  It  was  Hunter  who  first  aunoooced  the  specific  uatare  of  liv- 
ing matter  as  contrasted  with  nooliving,  and  he  was  led  to  place  a 
tnateria  viUe  diffusa  at  the  bead  of  bis  pbysioiogical  and  pathological 
views.  According  to  the  teaching  of  Uewsoii  and  Hunter,  the  blood 
snpplied  the  plastic  materials  of  physiology  as  well  as  the  plastic 
exudates  of  pathology.  Sacb  was  the  basis  of  the  new  biological 
metbod,  if  one  can  apply  sncb  an  expression  to  a  still  incomplete 
doctrine,  in  1B12,  when  Hnxley  was  beginning  his  medical  studies  at 
Charing  Gross  Hospital.  It  woold  lead  too  far  afield  were  I  to  recount 
in  this  place  bow  it  happened  that  I  myself,  like  Hnzley,  was  early 
weaued  from  the  peruicioas  doctrines  of  bamoral  pathology. 

THE  DETBLOPHENT   OF   BIOLOQT. 

When  Hnxley  himself  left  Charing  Cross  Hospital,  in  1846,  he  had 
enjoyeil  a  rich  measore  of  instmotion  in  anatomy  and  physiology. 
Thus  trained,  he  took  the  post  of  naval  sargeon,  and  by  the  time  that 
be  returned,  four  years  later,  be  bad  become  a  perfect  zoologist  and  a 
keen-sighted  ethnologist.  How  this  was  possible  anyone  will  readily 
nuderstund  who  knows  from  bis  own  experience  bow  great  the  value 
of  personal  observation  is  for  the  development  of  ind^>endent  and 
unprejudiced  thought  For  a  young  man  who,  besides  collecting  a 
rich  treasure  of  positive  knowledge,  has  practiced  dissection  and  the 
exercise  of  a  critical  judgment,  a  long  sea  voyage  and  a  peaceful  sojourn 
amoug  entirely  new  surronndings  afford  an  invalnable  opportunity  for 
original  work  and  deep  reflection.  Freed  from  the  formalism  of  the 
schools,  thrown  upon  the  use  of  his  own  intellect,  compelled  to  test 
each  single  object  as  regards  properties  and  history,  he  soon  forgets 
the  dogmas  of  the  prevailing  system  and  becomes  first  a  skeptic  and 
then  an  investigator.  This  change,  which  did  not  foil  to  affect  Huxley, 
and  through  which  arose  that  Huxley  whom  we  commemorate  to-day, 
is  no  unknown  occarrence  to  one  who  is  acquainted  with  tbe  history 
not  only  of  knowledge,  but  also  of  scholars.  We  need  only  to  point  to 
John  Hunter  and  Darwin  as  closely  allied  examples.  Tbe  patb  on 
vhich  these  men  have  achieved  their  triumphs  is  that  which  biology  in 
general  has  trodden  with  ever-widening  strides  since  the  end  of  last 
centnry— it  is  tbe  path  of  genetic  investigation.  We  Germans  point 
with  pride  to  our  conntryman  who  opened  np  this  road  with  AUl  con- 
viction of  its  importance,  and  who  directed  toward  it  the  eyes  of  the 
world— oar  poet-prince  Goethe.    What  be  acoompliahed  in  particalar 
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.  isteiice  of  free  cell  formatioti,  which  really  implied  the  revival  of  the 
t1  doctrine  of  spontaneous  geoeratioQ.  This  twlief  was  gradaally 
-iven  uut  of  the  domain  of  zoology,  bat  in  cooueetiou  with  theforma- 
i>u  of  plastic  exadat«8  fonad  a  Bauctnary  io  that  of  pathology.  I 
yself  was  tanght  the  discontinuity  of  pathological  growths — a  view 
bich  would  logically  lead  back  to  the  origin  of  living  from  iioDliving 
latter.  Bat  enlightenment  in  this  matter  came  tome.  At  the  end  of 
ty  academical  career  I  was  acting  as  clinical  assistant  in  the  eye 
upartmeut  of  the  Berlin  Hospital,  and  I  was  struck  by  the  fact  that 
eratitis  and  corneal  woands  healed  without  the  appearance  of  plastic 
xudation,  and  I  was  thus  led  to  study  the  process  of  inflammation  in 
>  tUer  uonvascalar  stractores,  such  as  i^cular  cartilages  and  the  intima 
if  the  larger  veaseU.  In  no  one  of  these  cases  was  plastic  exndatiOQ 
onnd,  bnt  in  all  of  them  were  changes  in  the  tissne  cells.  Turning 
text  to  vascular  organs,  and  in  particular  those  which  are  the  common 
teats  of  exudation  processes,  I  succeeded  in  demonstrating  that  the 
presence  of  cells  in  inflammatory  exudates  was  not  the  result  of  exuda- 
tion, bat  of  multiplication  of  preexisting  cells.  Extending  this  to  the 
growth  in  thiekueBs  of  thelongbones— which  was  ascribed  by  Duhamel 
to  organization  of  a  nutritions  juice  exaded  by  the  periosteal  vessels — 
I  was  thus  eventually  able  to  extend  the  biological  doctrine  of  oninw 
celMa  e  cellula  to  pathological  processes  as  well;  every  new  formation 
presup{)osing  a  matrix  or  tissue  from  which  its  cells  arise  and  the 
stamp  of  which  they  bear. 

HBSBDITT. 

Herein  also  lies  the  key  to  the  mystery  of  heredity.  The  humoral 
theory  attributed  this  to  the  blood,  and  based  the  most  fontastic  ideas 
npon  this  hypothesis.  We  know  now  that  the  cells  are  the  factors  of 
the  inherited  properties,  the  aoarces  of  the  germs  of  new  tissnee  and 
the  motive  power  of  vital  action.  It  mast  not,  however,  be  supposed 
that  all  the  problems  of  heredity  have  thus  been  solved.  Thus,  for 
instauce,  a  general  explanation  of  theromorphiBm,  or  the  appearance 
of  variations  recalling  the  lower  animals,  is  still  to  be  found.  Each 
case  must  be  studied  on  its  merits,  and  an  endeavor  made  to  discover 
whether  itarose  by  atavism  or  by  hereditary  transmission  of  an  acquired 
condition.  As  to  the  occurrence  of  the  latter  mode  of  origin,  I  can 
express  myself  positively.  Equally  difficult  is  the  qaestion  of  heredi- 
tary diseases;  this  is  now  generally  assumed  to  depend  on  the  trans- 
mission of  a  predis[)osition  which  is  present,  though  not  recognizable, 
iu  the  earliest  cells,  being  derived  from  the  paternal  or  maternal  tidsnes. 
But  the  most  elaborately  constructed  doctrines  as  to  the  hereditariness 
of  a,  given  disorder  may  break  down  before  the  discovery  of  an  actual 
cansa  viva,    A  notable  example  of  this  is  foond  in  the  case  of  leprosy. 
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tilt*  IriHKimiMloii  ot  which  by  mhoiaoeB  -warn  jk  -^  ^umm  *   ; 

iM'lii'VwI  ill  that  thirty  year*  ag»  »ixw  wtm  m^=Y  Ji»^^^  ^     " 

nirhlililiiitt  tli«  marriage  of  ■ 

hDWcvcr,  1(11111(1  that  a  certain  n 

III  lliltt  way.  aiiil  my  reaolta  wen  t 

l(>|>ri>»"  bmilUiiH  by  Armaaer  F 

tlipoi-y  »t  tlui  (Itiivaite  was  overthiwa  a 

mi'iit  )iy  (u>iitatciuu  restored, 

(liH'WlcH  t'nrller  witli  regard  to  bvna  a 

(H)iuliti(iii  In  that  kiiuwii  as  Ileterotofwa,  ia  whieii  : 

or  tu-t(Hiia  aru  ruuiid  dwelling  la  a  i 

tiiinnal  tii  tlnnii.    Thin  in  particalaity  the  case  wrci  nazMu  z — 

Hili'li  an  the  (hyn>i(l  and  nuprarenal,  bat  a  alao  kso^va  -wzii  ar— 

tfcOi.  AUil  tlif  varlouH  coDstitaents  of  dcTBoida.    I'  mi  •iimur  - 

by  )iiiKH>NH  1)1'  traiiBplaiitatiou,  the  misplaeed  tiaamet  -ieve^iouu:  :.    ' 

|ih>iw'itlf»,  but  merely   preserviog   their   mmmstl   paw*x3  -tt  r-  "■■ 

T\\r>  ii(h'lii|)t  til  generalize  ftx>m  this  (act  »ai  to  ataiaase  j,.  -- 

litriiiatioii  to  tlilH  uiuiHO  carries  the  idea  beyond  its  proper  xtn- 

llmllM. 

I'iUAKITISH  ABD  tSTEXTTtCfB. 

With  nuiinl  In  the  Hubject  of  parasitism,  the  proem*  of  a^-- 
olmiirviiMiiu  wivN  n>(4irile<l  for  ceutariefi  by  the  prevalcBee  ftf  At  am^z 
litili  miiilo  l).vl'arH<'vlHiiH  that  disease  in  general  was  to  be  rc^anir: . 
|iiiriiNilt>.     I'uhIkm)  ti)  its  logical  coDclaBion,  this  view  wo«Id  im^lj  - 
HK'li  liuli>|>i>U(U-ht  living  part  of  the  orgaaism  woold  act  a»  a  ps^- 
ri'liillvply  tn  tli(i<)tli»rii.    The  true  conception  of  a  parasite  iMp^ 
liiiriiiUilhiHN  to  i|j4  lidst.    The  larger  animal  parasites  have  IwcsIdc;-- 
known,  liiit  il  Im  not  mi  many  years  since  their  life  hjstMy  has  x-. 
t'inii|i)i>ic1.v  iiHi'oi'toini'il  aud  the  nature  of  their  cysts  explajoed.  *_ 
nil  iilU'iniiiloii  of  Kt'iionitionti  has  been  discorered  in  those  whidn." 
n|i|iiM'i<iiM.v  t<i>\li>HH.    Vury  luiivh  more  recent  is  the  detectioo  of:. 
piiniNlliii  |ntil.i/on,  by  which  the  oocurreDce  of  the  tropical  fertas bj; 
1)«<  i>x)iliiliH<il.     An  yet  wo  have  not  complete  knowledge  as  to  tbdrL- 
liJFitory,  tint  wt^  liolil  (lie  wnl  of  the  chain  by  which  this  knowled^s 
b(<iilliiln<<(l.    Thni'lltcoftheln 
of  Mid  niinnienl  kind  of  iwriisil 
of  which  iniiy  bv  t«iijd  tn  diitu  h 
iniM'i^fai'tioii  iiikI  I'cr mentation, 
exitol  I'xpiTtniiMiliil  I'uiiditioiiB, 
pnidiK'tH  opciu'd  lip  tho  inodert 
the  early  triiimpln*  of  which  wei 
cle  and  Ablatio  oliotera  by  Rob 
Jei-t  three  liniwrtanthiiiilmarks 
H'  distingiiishiug  between  the 
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^as  diaeases,  tbe  latter  of  which  is  determined  by  the  reactioD  of  the 
ssnes  and  organs  to  mtcrobeH.  Secondly,  there  is  the  relation  between 
ie  smaller  parasites  and  the  diseases  determined  by  them.  This  may 
e  Bummed  up  in  the  general  word  (introduced  by  Professor  Vircbow 
imself)  "infection."  Bnt  to  assume  that  all  infections  result  from  the 
ctiou  of  bacteria  is  to  go  beyond  the  domain  of  present  knowledge, 
nd  probably  to  retard  further  progress.  The  third  point  is  the  ques- 
ion  as  to  the  mode  of  action  of  infection.  It  is  only  the  larger  parasites 
irhose  main  effect  is  the  devonring  of  ports  of  their  hoste;  the  smaller 
*ct  mainly  by  the  secretion  of  virulent  poisons.  The  recognition  of  this 
atter  fMt  has  led  to  the  brilliant  work  of  Lister  on  Uie  one  hand  and 
Ay  the  introdnction  of  serum  therapeutics  on  the  other. 

ANTISEPTIC   8UBOERY. 

It  wookl  be  carrying  coals  to  Newcastle  were  I  to  sketch  in  London 
tlie  beneficial  effects  which'  the  application  of  methods  of  cleanliness 
has  exercised  ui>ou  surgical  practice.  In  the  city  wherein  the  mau  still 
lives  and  works  who,  by  devising  this  treatment  has  introduced  the 
greatest  and  moat  beneficent  reform  that  the  practical  branches  of 
medical  science  have  ever  known,  everyone  is  aware  that  iiord  Lister, 
on  the  strength  of  his  original  reasoning,  arrived  at  practical  results 
which  the  new  theory  of  fermentative  and  septic  processes  fhlly  con- 
firmed. Before  anyone  bad  succeeded  in  demonstrating  by  exact 
methods  the  microbes  which  are  active  in  difierent  diseases.  Lister  has 
learned,  in  a  truly  prophetic  revelation,  the  means  by  which  protection 
agi^nst  the  action  of  pntre&ctive  organism  can  be  attained.  The  open- 
ing up  of  further  regions  of  clinical  medicine  to  the  knifeof  the  surgeon 
and  a  perfect  revolution  in  the  basis  of  therapeutics  have  been  the  con- 
sequence. Lord  Lister,  whom  I  am  proud  to  be  able  to  greet  as  an  old 
friend,  ia  already  and  always  will  be  reckoned  among  tbe  greatest 
benefactors  of  the  human  race.  May  he  long  be  spared  to  remain  at  the 
head  of  the  movement  which  he  called  into  existence. 

ARTIFICIAL  IMMUNISATION. 

It  remains  for  me  to  say  a  word  concerning  the  other  great  problem, 
the  solattoQ  of  which  tbe  whole  world  is  awaiting  with  anxious  impa- 
tience. I  refer  to  the  problem  of  immunity  and  its  practical  corollary, 
artificial  immnnisation.  It  has  already  happened  once  that  an  English- 
mau  bs8  succeeded  in  applying  this  to  the  definite  destruction  of  at  least 
one  of  the  most  deadly  infectious  diseases.  Jeuner's  noble  discovery 
has  stood  ite  trial  as  successfully,  escept  in  popular  fancy,  as  he  hoped. 
Vaccine  is  in  all  hands;  vaccination  is,  with  the  aid  of  governments, 
spreading  continually.  Pasteur  also  labored  with  determination ;  others 
havti  followed  him,  and  the  new  doctrine  of  antitoxines  is  cootannally 
8M  08—37 
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A  SKETCH  OF  BABYLONIAN  SOOIETr.' 


By  P.  E.  Peisbb. 


The  preparation  of  a  history  of  Babylooian  caltnre  is  snrronDded  with 
o  many  difficolties  that  ouly  those  bnt  slightly  acqosinted  with  its 
ispects  wonld  dare  to  undertake  tlie  task.  In  fact,  the  most  necessary 
ireliouDary  Htndies  have  been  beg^un  only  within  the  last  few  years. 
SiHtorical  works  ou  the  sabject  show  a  disregard  or  ignorance  of  the 
tlements  of  tlie  history  of  catture,  while  the  preliminary  works  which 
lave  appeared  lack  more  or  less  the  bond  of  interrelationship.  It  is, 
therefore,  n^t  an  aniraportaut  work  to  give  for  a  part  of  the  history  of 
culture  an  outline,  or  skeleton,  abont  which  the  scattered  and  discon- 
nected studies,  thus  far  attempted,  may  rally,  and  thas  make  it  pos* 
3ible  to  proceed  more  methodically  io  the  consideration  of  individual 
qneations. 

For  these  reasons  I  have  decided  to  condense  several  lectures  written 
Bome  years  ago  into  the  present  publication,  which  neither  claims 
completeness  nor  to  pronounce  the  final  word.  On  the  contrary,  I 
hope  that  sharp  criticism  will  he  aroused  by  this  sketch,  through  which 
the  common  aim  or  object  may  be  advanced.  As  this  is  really  a  sketch 
of  the  sabject  I  have  ref^^ned  iVom  citing  and  collating  authorities 
vhich  are  to  find  their  place  in  monographs  to  follow;  and  this  also 
explains  why  I  have  taken  up  society  as  a  unit,  and  scarcely  more  than 
indicated  its  development  The  work  is  based  mainly  upon  the  condi- 
tions of  Babylon  in  the  sixth  and  Heventh  centaries  before  the  Christian 
era.  In  going  stilt  farther  backward,  the  task  is  to  unravel  the  close- 
meshed  fabric  of  Babylonian  culture  and  to  study  the  history  of  its 
development  along  the  individual  strands. 

In  the  activity  of  thousands  of  years  the  Euphrates  and  the  Tigris 
have  built  ap  from  alluvial  drift  the  territory  between  their  arms.  Sand 
and  stones,  stripped  by  the  melting  snow  from  the  Armenian  Moun- 
tain peaks,  have  formed  deposits  which  pushed  the  Persian  Gulf  ever 
farther  back  toward  the  south  and  east.  Thus  we  have  iu  the  south 
a  province  with  no  mountainous  formations,  but  only  plains  and  hills 
of  sand,  with  bnt  few  stones.    The  plain  is  traversed  by  the  two  rivers 
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named,  which  differ  in  relative  level  at  two  points;  at  one  i^aceL' 
water  of  tiie  Euphrates  flows  over  and  feeds  the  Tigris,  while  lOD  c.: 
soatbward  an  eqaalization  occors  by  the  reflux  of  the  Tigris  intot 
Eaphrates. 

If  we  consider  the  climate  of  the  country,  we  find  in  the  80Qth,ii'j' 
whole  of  Babylonia,  the  characteristics  of  the  bot  desert  climate  Boi 
fled  only  by  the  molstore  from  the  rivers.  The  desert  eztuids  op  tk-:. 
the  Euphrates  aud  spreads  far  away  beyond  it  over  to  MesopotaK. 
Nevertheless  we  mast  form  no  false  picture  of  the  Mesopotamiac  dtr 
ert.  After  heavy  rains  it  ia  overgrown  by  vegetation  with  wondcri 
rapidity;  and  the  traveler  from  the  Occident  is  often  amazed  *bri 
after  the  rain,  the  entire  desert  appears  yellow  with  crocns  plaob  •> 
blue  with  otber  growths.  At  such  times  the  Arabian  nomads  cross  :i' 
Euphrates  to  pasture  their  cattle,  aud  thna  tbousands  of  years  v 
strife  arose  between  the  residents  and  the  invaders,  which  conDDi^- 
yet  farther  duriug  the  historical  development. 

So  far  as  historical  notices  accessible  up  to  this  time  extend,  thty 
still  remains  the  sole  probability  that  in  the  south  of  the  connlzy  tnT 
ersed  by  the  two  streams,  northward,  eastward,  and  westward  from  A 
Persian  Onlf,  originally  dwelt  people  of  a  race  who  used  au  agglstiB 
tive  langnage,  weie  characterized  by  a  compact  bodily  frame,  and  vtf 
of  a  Mongoloid  type.  I  do  not  wish  to  enter  deeply  into  several  m«i 
too  radical  theories  concerniug  the  Samerians  and  their  racial  affioitie 
I  would  merely  like  to  refer  to  the  fact  that  I  have  already  in  ■.' 
book,  Uittite  Inscriptions,  called  attention  to  the  i>08sibility  of  a  oodm 
tioD  between  tbe  so-called  Hittites,  non- Aryan  proto-Armeniaus,  U'- 
Snmerians,  aud  that  the  ancient  iiopulation  of  Elam  might  easily  h 
included  with  these.  Bat  even  in  the  earliest  times  Semites  appear » 
tbe  north  of  the  district  bordering  on  the  Persian  Gulf.  As  in  Ai 
historical  development  between  2000  and  000  B.  G.,  two  iuvasionsaid 
settlements  of  Semitic  nomads  can  be  recorded,  in  which  conneetica  Ck 
theory  advanced  by  Wiuckler  concerning  the  Arami^eans  and  the  Chat 
deans  is  especially  to  be  noticed,  it  is  very  natural  to  assume  alao  it 
these  moat  ancient  Semites  a  nomadic  period,  which  bad  already  eodt^ 
when  history  begins  to  raise  tbe  curtain  before  our  searchJDg  eyes. 

Tbe  political  supremacy  of  these  oldest  Semites  introduced  ncii! 
variations.  We  may  look  upon  the  invading  Kassites  from  tbe  Ej» 
Sican  mountains  as  a  third  element,  which  also  for  a  time  furnished  tkc 
acknowledged  rulers  of  Babylonia.'  Tbe  second'  wave  of  Semitic  inmi' 
gration,  the  Aramaic  tribes,  bad  begun  in  the  time  of  the  Kassn  role, 
and  for  centuries  furuisbed  the  nomadic  population  of  the  st^pei 
against'  '>pulatiouofthecitieswere  engaged  in  struggle.  Tbe 

'  TliBB'  'oambed  to  the  liigber  oiviliutioD  of  tho  SomitM,  irlra,  a 

their  tn.  banlden  of  the  SnmerUiu. 

'Ortt  weary.aa  uow  appears  to  be  olaar.to  tinnmr,  »ftrT tlir 

Babyloi)  tioD,  a  Cauaanitio  one.    (1,  dyoaaty  from  Babyhtn.) 
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advances  of  the  tribes  and  tbe  retreats  of  the  f^ricnltaral  popnJation 

^ere  acoompaDied  by  miDS  of  dikes  and  canata  ontil  a  strong:  hand 

a^^in  forced  tbe  nomads  back  and  restored  tbe  water  conrsee.    Tbese 

tribes  became  gradaally  settled  and  constitated  the  fourth  racial  elemeutf 

aa  appears  fh>m  several  biatorical  notices  and  from  Assyrian  contraots. 

Finally,  we  mast  notice  the  poshinfr  forward  of  the  SemitJc  Ealdi 

tribes  from  the  sonth,  and  the  oontemporaneoos  efforts  of  the  Assyrians 

from  tbe  north  to  obtain  the  supremacy  in  Babylonia.    But  while  the 

preceding  four  elements  composed  the  basis  or  fonndation  out  of  and 

npon  which  ruling  classes  developed,  these  two  latter  parties  formed 

external  factors  which  inHnenced  the  social  and  political  life  of  Babylon. 

If  we  also  mention  as  a  potent  external  factor  the  Elamite  monarchy, 

which  endeavored  to  play  off*  the  Kaldi  and  the  Assyrians  against  each 

other  in  their  struggle  for  Babylon,  we  have  briefly  sketched  the  pic> 

tore  of  the  inhabitants,  their  origin,  and  those  of  their  neighbors  who 

come  into  consideration. 

From  these  elements  and  their  sediment  was  formed  what  we  are 
accustomed  to  regard  as  the  Babylonian  state.  We  must  not  imagine 
an  oriental  state,  however,  as  being  any  such  firmly-welded  whole  as 
are  our  modem  European  states.  Race  feeling  operated  in  a  manner 
altogether  different  &om  amoog  us.  There  tbe  whole  life  of  the  State 
was  concentrated  about  great  cult  centers.  Sur&ce  conflguratlon, 
intercourse  relations,  and  the  coincident  power  of  single  provinces 
welded  a  greater  political  unit  about  a  cult  center.  Thus  was  formed 
a  political  organization  that  perhaps  soon  after  was  merged  into  a 
la^er  anit,  and  left  nothing  bnt  a  name  behind  it  in  proof  of  its  former 
existence.  Among  these  political  unit«  we  know  of  Sumer  and  Akkad, 
that  is  the  power  once  connected  with  TTr,  the  Kingdom  of  Babylon; 
also  smaller  ones  in  the  north,  suchi  as  the  kingdom  of"  the  four  regions" 
and  tbe  Kingdom  of  Kissbat,  of  which  the  cnlt  center  is  not  yet  pre- 
(usely  detennined  bnt  probably  to  be  sought  in  northern  Hesopotamia.* 
Farther  away  from  the  proper  center  lies  Elam,  which  had  attained  the 
rank  of  a  Stato  since  primeval  times.  We  see  Assyria  and  &rther  to 
tbe  north,  the  proto- Armenian  tribes. 

The  political  history  of  Babylon,  even  in  the  earliest  times,  presents 
an  alternating  picture  of  centralization  and  disintegration  of  theempires 
embodying  the  centralization.  The  question  presents  itself,  what  could 
have  been  the  cause  which  in  so  remote  a  period  again  and  again  led 
to  the  consolidation  of  a  great  district,  while  as  yet,  in  all  neighboring 
proviuces,  with  few  exceptions,  only  a  more  or  less  feeble  tribal  bond 
conld  be  formed.  The  answer  may  be  inferred  irom  the  following 
circnmBtances : 

(1)  As  soon  as  an  individual  by  reason  of  the  domination  of  one  of 
the  Bmaller  commonwealths  had  succeeded  in  restoring  the  oentraliza 

'Aoogiduig  to  Wuickler,  whoM  theory  we  follow,  perhaps  Hairut. 

Google 


S^  i  mLXT^s  or  B-inuxsiA^r  sociktt. 

Sua  t^tr  *  Tttati  if  rs  -iierxr.  his  BsiB  eflorts  were  espedallj  diir- 

:^'   lniru:r  A  fadiaie  -if  tke  e^tft»l  aiitlM»ity   tbe  canals  bn: 

"'  rV  H^-jmuKH  "  "jf"  ^T^  itw  period  of  such  political  tm^k* 
9  ')«  a  -:ii«  ic  Mi^^  -}^  ^«  «ods.  wte  vue  dea^rting  the  ooanti;  t . 
crrn^  Tfiit  iiT^r^iifiKv  «Tia  to  ns  ^mmj—  I 

4  Th.;  aj-ir-  ^rirojt  eooihiaaa  of  the  coontty  of  tb«  two  rr  i 
«cr«  uf  *ai:ii  a^Korr  a*  ia  tbeatarireB  to  eaD  for  r^nlation  and  at^  ' 
BtKL.  F  ir.  wu->  "ih*  bwd  of  th«  Tipns  in  its  nortbem  portion  is  k^ 
thaaih*  Ei3<Lrk»:i.^4>iaaC  the  latter  seeks  ao  outlet  toward  tbefdnt 
dora^  aTSflASnoA,  iATiiter  oo.  at  the  Beeond  conflnenoe  of  tlte  im 
a  »  kifiia.  Til$  p«rsIiahlT.  vhieh  apparently  coDtradicts  the '» 
that  zht  Tzri^  iii  :iu;  part  dows  Hacfa  aion  swiftl;  than  tbe  Enphncc- 
K  ex:  I-used  by  :b«  tkct  that  tbe  foraier  flows  in  a  straight  oooraCL  a: 
tfa:u  has  a  niavb  shorter  dinanee  to  traverse  than  tbe  Eaphrate 
wbioc  d«?«ru«:^  a  larz^Ioop.  And  while  the  swifter  coarse  of  tbe  lir 
prvveccs  it  £^■m  ebokm^  its  channel,  tbe  EopbratAs  at  once  covens 
domain,  in  bed.  and  t-bannels  with  its  allavial  drift  whenever  a  ^- 
teicatic  regnlaooQ  i5  not  kept  in  continoooB  operation.  It  repe«t»^ 
tlU  it«  own  chaDD^I.  tears  away  tbe  banks,  and  rednces  the  paisiitL 
acquired  agricultural  land  to  swamp  and  waste  agun. 

In  reply,  then,  to  the  inqniryas  to  thecaase  of  this  ever-reappestc: 
enitralizatioD.  it  maybe  answered  that  the  nomads  who  first  scMtedi: 
tbe  country  of  the  two  rivers  were  compelled  by  tbe  hydrographic  o  i- 
ditioDS  to  regnlate  the  river  system ;  this  regnlatton  demanded  ui 
developed  an  administrative  center;  these  conditions  gave  as  a  resQ>'< 
tbe  idea  that  the  conntry  belonged  to  tbe  gods;  and  this  idea  bid 
force  to  bring  aboat  a  real  cenCraUzadon.  Ideas  continne  in  activit; 
tbonsands  of  years  after  the  conditions  oat  of  which  they  aroee  han 
altered.  We  must  not  be  sarprised,  therefore,  at  flnding  this  ida 
operative  nnder  later  conditions;  we  may  even  ose  it  as  a  cine  to  tk 
complicated  life  of  New  Babylon. 

If,  now,  we  consider  the  State — I  speak,  of  conrse,  of  the  individul 
States  in  their  inward  and  outward  design — we  have  to  regard  tvo 
factors:  (1)  The  State  centers  aboat  one  focus  of  cnlt.  For  the  Orient 
this  cnlt  center  is  of  the  greatest  importance,  since  tbe  development  of 
tbe  State  is  moBt  closely  connected  with  it,     (2)  Tbe  other  point  of  viev 
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AmoDg  the  ABsyri^ns,  io  contrast  to  Babylonia,  the  idea  of  the  State 
'as  one  of  somewhat  firmer  consolidation.  This  was  canaed  by  the 
itaation  of  Assyria,  wedged  between  Babylonia  and  northern  Meeo* 
totamia,  and  by  the  institation  of  a  mercenary  army  since  Tiglatii- 
!*ileser  I,  which  was  likewise  an  efficient  factor  in  the  fbrmatioD  of  a  - 
stronger  government  than  in  Babylonia.  Nevertheless,  the  political 
nstitations  of  the  two  States  are  somewhat  similar. 

The  ofBdals  were  grouped  in  three  orders — those  who  were  occnpied 
with  the  internal  adminiBtration ;  those  who  watched  over  the  neigh- 
boring and  tributary  States,  and  the  military  service  that  gaarded  the 
interests  of  the  State  against  enemies,  and  were  frequently  employed 
aa  gbvernors  of  sobjagated  States  and  tribes.  The  old  nobili^  had, 
moreover,  a  direct  interest  in  the  State,  inasmuch  as  they  preemineDtly 
shared  the  ofUces  among  themselves. 

Tbe.  remaining  subjects  of  the  King  ifere  partly  direct  and  partly 
indirect,  and  the  latter  certainly,  in  so  far  as  they  were,  first  of  all,  sab- 
ordinate  to  the  hierarchy  of  a  temple. 

The  interest  that  the  individual  citizens  had  in  the  State  lay,  apart 

A-om  the  especial  interests  of  the  nobles,  in  the  defense  against  outward 

attack  and  in  the  maintenance  of  law  and'jastice;  and  we  find,  in  fact, 

that  tbe  Babylonian  State  was  characterized  by  a  highly  developed 

juridical  life.    As  against  the  nomadic  tribes  the  domestic  militia  and 

mercen^es  had  to  safAce  more  or  less,  while  against  the  neighboring 

powers  the  tribes  themselves  were  now  and  again  impressed  into  service. 

Of  the  constitution  of  tbe  Babylonian  State  we  know  very  little 

indeed,  and  the  little  we  do  know  is  of  a  negative  character,  only  aa 

the  documents  give  ns  iuformation  of  the  abrogation  of  this  or  that 

privilege,  etc    Besides  that,  there  are  preserved  to  ns  several  charters 

firom  Babylonian  provinces,  which  grant  certain  prerogatives  to  one 

family  or  another.    Thus  it  was  legally  established  that  officials  of  the 

State  should  not  enter  a  iree  territory  of  this  kind ;  that  its  inhabitants 

sboDld  not  be  arrested  by  tbe  State  police  nor  be  constrained  to  the 

performance  of  a  number  of  various  villein  services  owed  to  the  State. 

We  may  probably  assume  that  certain  cities  obtained  charters  or  fran- 

chtBes,  but  we  have  only  proofs  for  the  investure  of  foreigners  with  civic 

rights  first  in  the  time  of  the  Persians,  when  very  soon  resonods  the 

cry  "Civis  Susanus  sum"  (I  am  a  citizen  of  Susa),  which  is  important 

for  oar  appreciation  of  Oyms's  statesmanship. 

Srom  all  accounts  we  must  conclude  that  the  Babylonian  kingdom 
waa  divided  into  provinces,  which  were  subdivided  into  administrative 
districts,  within  which  lay  the  firee  fiimily  estates.  Everywhere  bat 
in  the  free  estates  or  territories  the  central  authority  had  the  right  to 
command  arrests,  to  constrnct  roads,  bridges,  etc.,  and  to  collect  atal- 
lioDS  for  the  breeding  stnda  of  the  Qovernment,  or  to  make  arrange- 
meats  for  the  maintenance  of  the  studs.  The  contrast  thus  made 
appiu^ut  between  tbe  rights  of  the  general  Ooverument  and  those  of 
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5*4  i  azTCH  'IF  iu3:njLasixs 

Ae  rtn*  i^iiiiii  iiiiii  m  ii  ^  ^bcuA. nf  o^Hiti^  fran  the  feudal  to  -: 
'MBtrrtiiziwi     .  !!■■      ne  dona^  ok,  •''  casB^  tbe  eariier,  and  V«ir 

cba  iiravii  tr  ;;hft«enrrm  pt>«ix.^a«i«ittf  tht  nportance  and  inflasi 
a^':ta«itiii  JiLttH'Lmum^bBd.  i»J  —ly  aowaBd  atcn  occurred  »  kJi^h 
:nr<k  ziM  &iuUb  -ty^icea.  raeh  ao,  for  iassaaee,  ve  learn  from  Uie  cfc£ 
ct>r«.  :?iieii  pr:-rLl£;ieai  zerr.oaeit»  mn  gemer»Ily  held  in  tbe  pos8ee& 
nf  ihe  till  im6u>  tUmilicii.  Tbea«alaofaniisbedtbeStat«  witb  the«[i-' 
&>n>K  if  lu  'iuEiiT.aneft.  ami  dw  ki^  patitical  othaas  very  often  descot'.- 
tnm  tazhti  co  nyo. 

TW  eiiLzeiu  were,  iitdecdf  a«  exfriaiiked  above,  very  diffeniit  t 
ngarii»  race  abiI  li^gal  suto^  bai  aoov  becatne  amalgamated  under  r_ 
indnftoi^  of  the  higher  eivilizatiun. 

Th«  BabyLonianit  appear  to  as  «iterprisiag  and  rather  viDdlcliTe  i: 
liti^oa.'i.  u  shown  by  tbe  nnmeroos  lawsuits.  In  their  reladoos  sr. 
tbe  goda  tbey  aasnmed  the  position  of  equals,  and  yet  at  tbe  same  n^- 
displayed  tbe  deepest  sabmiasion.  Tbey  made  offerings  to  tbe  god'. 
bat  atao  demanded  favors  in  Tetom.  If  a  person  had  once  commin^ 
«■  offeoae,  however,  he  conld  not  Ismeut  sufficiently  before  the  higte 
powers. 

The  &milj-  formed  the  focas  of  the  whole  life  of  tbe  Babylonians.  ^-■ 
presented  a  united  and  unbroken  front.  Thus  we  often  find  the  inUt- 
ests  of  the  State  and  those  of  the  &milf  in  cooflict.  The  sharp  ttfi 
ration  of  tbe  families  from  one  another  is  easily  explained  by  tbe  fame 
nomadic  life  of  these  peoples. 

Since,  moreover,  the  individaala  of  a  clan  were  dependent  upon  an 
another,  the  legal  conception  was  gradually  developed  that  tbe  propat; 
of  an  individual  belonged  not  to  himself,  bat  to  bis  whole  family,  ^e 
may  thus  explain  the  fact  that  real  estate  could  be  sold  only  ou  cotxi)- 
tion  that  the  other  members  of  tbe  family  gave  their  assent  or  sigmiAci 
their  willingness  by  their  presence  while  the  bill  of  sale  was  beiB; 
drawn  up.  A  farther  important  &ctor  in  the  development  of  & 
family  lite  is  ancestor  worship  and  the  coneeptio&s  resulting  fiva  it. 
which  have  hud  the  ^reatcist  iuduence  in  tbe  rebgioas  developaeat  of 
tbe  Semites. 

The  t'ltiiiitiec  ar«.  th^'u.  »;s  we  haw  seen,  tbe  aetnal  aaits  oat  of  «U^ 
the  Stitto  ii»  •.viiiiHVittt.  T)u'  iiKlivulual  aeaibexs  of  tbe  biai^y  Maud. 
tli^ivtV>n>.  ill  ii  si>iiii-»  hit  irvt^r  i»><>:noD  a$  n^raids  tb«  State:  tbejM 
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not  belong  to  tbe  particular  families  to  vbich  tbe  iodividaal  snbjects 
belonged.  Therefore  family  interests  in  this  regard  often  overbalanced 
tbe  daty  owed  to  the  King. 

The  individnal  families  in  Babylon  vere  often  at  emnity  with  one 
another,  and  this  antagonism  had  dose  relations  with  external  politics. 
All  the  powers  ronnd  about  Babylon,  as  the  Elamites,  Aseyriana,  and 
Kaldi,  bad  their  partisans  in  the  city.  The  partisans,  however,  belonged 
Tespectively  to  the  different  families.  According  as  tbe  iadnence  of 
this  or  that  external  power  predominated  in  Babylon,  one  family  was 
played  off  against  another,  and  their  relative  possessions  were  thoB 
shifted  accordingly.  The  two  boundary  stones  belonging  to  this  period — 
one  dated  from  Sargon,  the  other  from  Merodach-Baladan — are  very 
good  illustrations  of  this  conditioD. 

The  rdation  of  children  to  their  pareuts  was  at  first  a  rather  patri- 
archal one,  traces  of  which  are  found  down  to  the  latest  times.  We 
bare  a  document  from  which  appears  the  father's  right  of  protest  on 
the  occasion  of  his  son's  iutended  marriage.  The  sou  might,  indeed, 
marry  against  his  father's  will,  bat  in  that  case  the  marriage  was  not 
of  fiill  validity.  On  the  other  hand  we  find  phenomena  which  resolt 
trom  the  further  development  of  the  family  nnder  tiie  induenceof  private 
property  rights.  Documents  dated  fVom  about  2300  B.  O.  refer  to  adop- 
tion to  gain  laborers.  Another  kind  of  adoption  was  one  for  the  pur- 
pose of  the  fulfillment  of  obligations  imposed  by  ancestor  worship;  that 
is  to  say,  if  there  were  no  sons,  a  slave  might  be  adopted,  who  should, 
after  tbe  father's  death,  bring  him  the  customary  offerings.  We  often 
see  that  elderly  Babylonians  intrusted  themselves  to  a  child  or  adopted 
slave  for  care  and  belter,  and  made  over  Oieir  property  to  the  child 
on  condition  of  being  supported  by  him.  This  custom  is  to  be  regarded 
already  as  a  resnlt  of  the  evolatiou  from  collective  to  individual  prop- 
erty rights. 

We  do  not  know  mnch  about  Babylonian  edacatioo.  We  can  only 
draw  inferences  from  what  Assnrbanipal  relates  concerning  his  edaca- 
tion  in  the  bit  ridati  (nursery).  He  states  that  he  was  trained  in  feate 
of  bodily  dexterity,  and  in  reading  and  writing  as  well.  We  may  prob-. 
ably  assume  that  the  well-to-do  families  had  their  children  taught  in  a 
writing  school  (bit  dupsarati).  We  have  fragments  of  tablets  in  which 
mention  is  made  of  a  writing  house,  and  there  are  still  extant  copies  of 
historical  and  epic  works  prepared  by  writing  pupils  and  then  presented 
to  a  library. 

Trades  were  diligently  practiced,  and  children  and  slaves  were  boand 
apprentices  to  master  craftsmen.  Tbe  period  of  apprenticeship  lasted 
several  months  or  several  years,  according  to  tbe  difficulty  of  the  trade. 
Tbis  may  have  been  the  case  among  business  men  as  well,  for  we  find 
alaves  who  carried  on  business  for  their  masters.  If  the  slave  proved 
to  be  true  and  clever,  he  might  even  be  manamitted,  but  he  still  retained 
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larriafire  had  already  developed  ia  Babylonia  opon  the  basis  of  indl- 
id.nal  property  rights.  Of  course  there  existed  at  Ute  same  time  rem- 
atits  of  more  ancient  modes  of  marriage,  especially  Then  the  contracfc- 
tg  parties  were  not  of  equal  caste.  Thus  we  have  in  the  time  of  the 
few  Babylonian  Kingdom— that  is,  about  the  seventh  century  B.  0.— a 
ase  wbere  a  man  married  a  singer.  In  the  marriage  contract  the  death 
>enalty-  woa  laid  upon  the  eventual  unfaithfulness  of  the  wife;  the  has- 
tand,  on  the  other  hand,  conld  put  his  wife  away  forthwith  on  the  pay- 
nent  to  ber  of  a  specified  snm  of  money.  In  ordinary  cases  the  wife 
ibtained  her  dowry  back  if  she  was  repudiated.  The  children  remained 
in  the  husband's  family.  There  are,  however,  remnants  of  a  system 
where,  npon  a  separation,  the  dangbters  followed  the  mother.  The 
material  does  not  suffice  to  famish  answers  to  all  (inestions  relative  to 
this  subject. 

We  find  women  active  in  trade,  industry,  and  agriculture,  and 
althougli  here,  as  elsewhere,  men  were  in  prepouderanee,  we  see  them 
as  priestesses  iu  public  worship.  In  the  more  ancient  time  they  had 
not  only  the  religious  ceremonials  to  perform,  bnt  authority  to  manage 
the  property  of  the  deity.  Women  were  also  much  esteemed  as  proph- 
etesses. Thns  there  was  in  Arbela  a  temple  which  harbored  a  great 
number  of  prophetesses  who  were,  for  example,  much  consolted  by 
Asarhaddou. 

After  all  that  I  have  said  about  the  position  of  woman  there  is  no 
occasion  for  surpriHe  if  we  find  her  iu  an  infiuential  position  as  queeo. 
An  indication  of  this  is  the  short  notice  in  the  synchronistic  history 
that  an  Aseynau  princess  ascended  the  Babylonian  throne,  and,  vice 
versa,  we  find  in  the  ninth  century  the  Babylonian  princess  Samuram- 
mat  upon  the  Assyrian  throne.  The  latter  had  an  important  sovereign 
position.  We  find  that  she  exercised  influence  upon  the  internal  life 
of  the  State  whose  king  she  had  married,  and  that  she  doubled  Baby- 
lonian infiueuce  in  Assyria.  It  is  very  probable  that  the  legend  of  the 
Greeks  concerning  Semiramis  can  be  traced  back  to  the  important 
position  of  Sainurammat,  to  whose  name,  however,  whole  myths  of  the 
goddess  Istar  have  beep  transferred.  Beliefs  from  the  time  of  Assar- 
bauipal  show  that  the  position  of  the  queen  was  sn  important  one  in 
this  time,  as  well,  and  a  similar  conclusion  concerning  the  position  of 
the  middle-class  woman  can  be  drawn  from  the  documents.    •     •     • 

Among  the  slaves  we  mast  distiiignish  between  (1)  those  that  were 
in  tlie  private  possession  of  an  individual;  (2)  the  glebie  adscript!, 
villeins,  who  in  part  bad  arisen  from  the  condition  of  slaves,  iu  part 
had  been  reduced  from  the  condition  of  freemen  into  serfdom ;  (3)  the 
t«mple  slaves,  some  of  whom  were  purchased  and  some  presented  to  the 
temple  by  pious  citizens  or  by  kings;  (4)  those  belonging  to  the  State, 
captives  of  war,  of  whom  the  greater  part  passed  into  the  possession  of 
individnals  or  of  the  temple.  The  first  and  third  classes  were  employed 
in  iuduBtries  and  abont  hoosea,  the  second  in  the  cultivation  of  laud. 
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We  mant  «mirid#*  iiiilaMCrT  m  BabfUax  tm  Itif^y  -iawjif  nwL    ^ 
nnmtier  nf  <«TtiAKalcN  «^  deliwy  haw-  e>f^M  <i<iwn  '»  twb.  ±1^  ^ 
a|ip«flra  n )  that  priraSe  iadi-TitioaiB  in  B«byIoiiia  pH^a^Hti   u>i- 
ef>t»l(lifll]n:«nUo<  tbeBatarenf  bKSHTWL  aofi   21  ChaC -lif -^^a- - 
Krrat  factnriM.    The  wUtm  wtxe  let  wtis  Qi  worfc:  by  ciusr  3hkk- 
tlit^  hire  either  ffiTen  tn  Uw  ibw.  in  caae  ti«  iiinuieJr'  •ititjviis*-^  - 
nia'il«r  tbe  prrrfit  dae  froa  Ub  a*  «ia.Tc  aiDl  auuBSunni  iimmii.  ' 
ttie  (ittier  banil.  Kiren  to  the  maater  if  the  Imaer  prrwrid^d.  air  'if  •- 
maintenance,     Fioallrt  the  emf^ttjrr  bb^u  (□'^•^  ciut  'tLi.v^f  iii^  z- 
n»()(-<^  an<l  ttie  Mirplu  eamiags  of  tb«  ataTvGi>  ch«  wtmi-     Li  :::,- 
the  filave  alto  rt^xirtd  ■omethnig  lor  k»  latntrs.    Thus  -dw  «ii^- 1 . 
w»'.rimnlat«!  a  little  capitaL    BenAoL  jlsTwy  wa*  noC  ^m  aairw  _ 
OriePit  an  in  the  Occident.    The  ttam  md^t  Iwy  hL»  .»wn  d«Bb>ii.  . 
c/mhl  Ire  sulopteil  and  becoae  a  Bkcvbcr  of  the  iimily  aad  rw  - 
biithf^Ht  plweH. 

If  oiieeomparMi  tbe  anptoyer's  espcasea  wh^a  ^ws  w««« hir^ "^ 
the  r«»Nt  of  free  laborem,  the  latter  an  ia  ac 
exifertnlve.  Thin  sppears  to  eontradiet  aa 
under  like  cttnditions  fbonld  receive  equal 
that  I  am  altle  t^xwlve  the  riddle  in  the  tDOvmiBs  Mimnrr:  Iri^- 
miiii  «rit<'n!d  into  wtrvice,  he  had  no  elaii  far  eoMpemirain  ;:  » 
efime  nh  k  »r  iliHubled  by  bis  work.  The  slaTe.  o«  tbe  cmirarT.  z 
be  niiilriliiin*H]  Iiy  himnanter,  and  there  were  law»  aeenrdinp  :-  r-. 
wlionviT  hired  a  nlavc  woa  reqnired  to  pay  an  iDdeimity-  ti>  his  bjp' 
diirinK  the  wintiiiuance  of  any  disability  incurred  by  tbe  -^laTe  trij 
Hcrviuil.  HIiiveH  verc  well  protected  by  these  exeeedia^y  hixa- 
liiwu.  Kveryone  who  hired  slaves  belonging  to  others  took  pmi  '.- 
not  to  dimible  them  by  overburdening  their  stjmgtb.  As  a  ttz*- 
<in('ii<'n,  the  wiif;<M  for  a  Hiave  were  smfUler  than  those  of  a  frvea-' 
wImp  w)iN  obbjfiHl  to  forego  indemnity  if  be  received  an  injiiiT  from  '-■ 
work, 

A"  (or  the  ({h'l)jpr  iMlscripti,  they  correspond  to  onr  teaaoto  by  ¥&; 
Hcrvli'o;  thp'y  hail  t<)  perform  a  kind  of  corv^  that  is,  they  wey 
oIpHuimI  to  wiprh  for  the  landowner  on  certain  days.  InmostcMK 
thepin  Hhivi-H  bi'ioiiKeil  to  a  temple  and,  on  this  aooonnt,  tbe  teaqde ka. 
aIko  jiirip<dh>M<iii  ovur  thct  nlaves  beloogiog  to  it.  FogitiTe  uid  nte 
Uny  nhiVi'H  wt'ri<  put  in  chains,  bat  might  be  released  opon  the  par 
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l>o'v-e,  as  well  as  from  the  idea  that  the  coatitry  vas  sabject  to  the 
:04ls,  ou  the  one  side,  and  from  the  repeated  political  revolutious  on  the 
•ther,  it  resalta,  aa  a  matter  of  conrse,  that  out  of  the  tribal  possession 
►f  til©  land  three  forms  of  ownership  mast  have  developed:  (1)  Temple 
>w^ner8litp;  (2)  State  ownership,  and  (3)  only  secondarily,  private  owner- 
sliip.  All  three  forms  are  met  in  the  New  Babylonian  documents, 
n^tiirally  with  many  variations. 

Temple  ownership  developed  oat  of  the  proprietary  claim  npon  the 

vrhole  territory  comprised  in  the  district  aboat  the  temple.    Originally 

a  Bhare  of  the  prodacts  was  yielded  on  this  account  to  the  deity  and, 

therefore,  to  his  temple.    Katurally,  in  the  evolution  of  things,  conflicts 

of  rights  mast  have  arisen,  and  thus,  even  in  the  oldest  docnments  as 

yet  ill  the  Snmeriaa  language,  we  see  the  kings  engaged  in  regalating 

tbe  temple  revenues.     Although  gradually  a  partial  conversion  of  the 

payments  in  kind  into  monetary  payments  took  place  the  former 

remained  by  far  the  moat  prevalent,  even  in  tbe  Babylon  of  I^ebucbad- 

nezzar    and    the    Persians,  as  the  contract   tablets   show.'      Since, 

e8i»ecially  in  years  of  bad  harvests  and  in  times  of  war,  the  revenues 

established  by  the  kings  yielded  but  little,  a  fixed  income  was  early 

provided,  inasmuch  as  certain  pieces  of  land  were  conveyed  not  merely 

into  the  theoretical  proprietorship  but  into  the  actual  possession  of  the 

temple,  in  order  that  f^m  them  the  expenses  of  the  temple  and  the 

priests  might  be  met. 

For  the  form  of  Stttte  ownership  we  have  only  slight  indications. 
If  the  Assyrian  kin(;s  restored  their  possessions  to  the  nobles  exiled 
or  imprisoned  by  the  Kaldi,  and,  vice  versa,  the  Kaldi  kings  did  the 
same  with  regard  to  those  exiled  by  the  Assyrians,  this  restitution 
might  have  taken  either  the  form  of  enfeoffment,  of  which  we  have  an 
example  in  the  Merodachbaladan  stone  of  the  Berlin  Uoseam,  or  the 
form  of  restitutio  in  integrum,  while  it  is  yet  impossible  to  determine 
certainly  whether  State  or  private  ownership  was  really  the  form  in 
qnestioD.  So,  in  the  case  of  a  number  of  revenues,  the  questioD  is  still 
open  whether  we  have  before  us  taxes  npon  private  property  or  rents 
on  account  of  original  State  ownership.  On  the  other  band  a  consid- 
erable number  of  documents  in  proof  of  genuine  private  ownership 
are  extant. 

If  we  consider  the  three  forms  of  proprietorship  fYom  the  point  of 
view  of  revenues,  it  appears  that  the  temples  played  a  double  rdle.  If 
they  only  took  a  revenue  from  certain  pieces  of  ground,  they  were 
upon  the  same  footing  as  the  State,  which  received  revenaes  fix>m  the 
feudal  estates,  bnt  if  they  held  the  estates  in  actual  possession  they 
were  analogous  to  private  individuals,  who  could  manage  these  proper- 
ties themselves  or  lease  them. 
We  thus  come  to  the  subject  of  husbandry,  which  we  may  now  divide 

'  Tbence  reaulte  tliu  arriiDgeiiioiit   b;  which  the  templu  farmed  out  tho  latter 
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iuU)  tliu  two  principal  clafii>«*>.  Mjoui^'-ausin    :^  =u*  iT-it?  cv 
on  IfluHe.     I  jiretiiiHe  that  tLie  r^Ac^    *o-.J-  -ii-  im   icim^^ 
rliiKHfH.    Tlie  af^cDltiuiU  hiifvnrK  ziaa    tr^  zArt  :^  inx:.!- 
eithi-r  HluveH  or  |>eaiuiitM.  wLo  iii  ii*-_;  -^Jj-.^^   ^iiiiimiii.:r  lii 
ftlly  ('(lino  to  a  (Mjrtaio  coridilioi)  'tf  »>trr:*Ti&t.  ♦■.iriir^  m  iw  la. 
tlH!  Htult)  or  to  tlie  Hobles.    We  havt.  iij^i_  v    .i^*^  nrriai.  i-^ 
jirii|Hsrty  liultline  claKtwai  uiiil  ibt  azri'iiJT.L_-fc:  l^-^ixrrv    -'  ^ 
Irtiit"  iiuriilHT  ())■  modiacatiobs  of  fou-ijij  •:.   ^^imt  ^ii.ra  ini. 
tln'  ti'iuiMtutt iiiiiM.     IJut,  in  the  ruajcli.  ft*  tirt-  "^iik-  TXj-i  -tTK 
tliH  itMctMiilaiK-yof  AMKyria  over  Babrjoc  t«  il^  u  tx::^u:3::~  i 
|H)Wi>r,  tliiit  JM,  fnini  !tOU  B.  C.  to  about  <*•.•  £;.  •.  _  M»e  iLij  i*-'--  ' 
tho  ({it'iiUiHt  (iirtereiice  betweeo  tlie  two  &*i^l ■■ar:i-r  sfitie^-t-' 
oiu'h  which  wiw  uIho  characteristic  of  tbe  <L.i7fcJc:-i  3CiiK:i  a  o"  :•  ■ 
lh«  cxiHlitiKH!  in  AHHyria  of  a  free  pe&hMni  <-1jis^  iz^  c^gzuiiun  : 
rxlHloiicu  in  Itithylonia  of  aii  unfree  peasau:  cl^>^^ 

'I'liiit  tiio  d«viilo[nneiit  of  AsHjria  from  a  j-r-liri'sML  jo:;:  <e  ^^^ 
iiuii'li  iiiliiiiMicMl  by  itH  HOcialconsdUitioD  U  tu  t^-  a&--=lsx>:  i^i: 
of  (■(tiiiHc,  If,  now,  we  can  lo^callyregirvsieiit  ti^-  c*Teu-^«=^- 
Hhiill  )«'  iililo  toJn(l|{eof  the  Mocial  bat-Lgroand.  c-in-erz^z'"-!- 
(Iiii'iiinoiiliiiy  ('vidciicti  reiiiaitis.  The  test  wiU  be  if  the  lir>:^-- 
liy  (lie  inm'i'l)ilionH  ajtrecswith  the conceptioD  previ«>s.-Jr gai:*c -. - 
Now,  ll,  Ih  <|iiilo  oiwy  to  trace  how  the  A^syri-tn  tii-gs  P> — 
liiinii'd  liir  MioiiiHUlveH  a  military  force  suitable  fur  rapid  ivrrf- 
*  hitter,  oriKinully,  indeed,  consistiug  of  Daare^-V- 
(H'w  n  iiiorceuary  force  recmited  from  the  fr«*  hod/f  - 
It  iM,  nioriMiver,  clear  from  the  history  of  Asjorfr^  -^ 
itnu.ii'iiul  on,  that  the  interual  tranqaillity  »^*-* P**-'"^^ 
iirlioii  to  tlio  exhibition  of  i»ower  with  regarf  t««-"- 
('•iiitiHIcM.  'I'ltiH  in  i^xplaiucd  by  the  fact  that,  bo  long  a^  tbe -"'I'^^-  < 
hi|[  in-i.|ilcH  (ui)ilil  lie  forced  to  pay  tribute,  the  standing  »™J  *■ 
iimlnliiiiKnl  liy  MiiM  tribnto,  but  wheu  from  any  cause  tribott  ""*■  | 

IVroly  ui\ Ui<>  piiblio  burden  fell  more  and  more  heavily  npoDi-* 

liroihii'liiK  oliif-Ni'N.     When,  under  the  kings  of  the  eighth  ceatarj.  -*  | 
noi'lli  uikI  I'liMi  IxH-iinic  ltw.s  productive  because  of  the  pnemS^""^  , 
of  Aryan  trlh(>H,  oircninHtances  mast  have  come  to  such  ap******,  I 
f(nii|>ltil«  n>volnllon  nwultod,  which  brought  Tiglath-Pileser  p^^ 
nHor  hini,  NidmiinuHNnr  IV,  to  the  throne.    Since  this  re^'fllat**'^  j 
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is  to  1)6  sought  tu  the  ranks  of  the  townspeople  and  peasants.  It 
thus  made  possible  to  see  in  the  revolution  of  746  B.  G.  tbe  vie 
>ry  of  a  revolt  of  peasants.  And  this,  again,  is  only  to  be  imagined 
1  the  hypothesis  that  in  Assyria  a  strong  peasant  class  unspoiled  by 
^rvitade  bad  survived.  Always  presupposing  that  development  had 
iken  place  thus,  the  ascendancy  of  Assyria  over  tbe  snrronnding 
owera  may  be  accounted  for  as  the  result  of  the  liberated  strength  of 
be  uatioD;  and,  moreover,  the  easy  vict(»y  of  Sargon,  who  accom- 
>1i8hed  tbe  restoration  with  tbe  aid  of  the  priests,  maybe  explained  on 
he  aesomption  that  many  years  of  warfare  had  shattered  the  social 
•.oudition  of  the  peasants. 

There  are  two  factors  which  make  possible  a  verification  of  these 
I'acts.  In  tbe  first  place,  the  fact  tbatSargon,  after  he  had  suzed  the 
power,  regulated  property  rights  in  favor  of  the  temples,  and,  conse- 
quently, to  the  prejudice  of  tbe  townsmen  and  peasants,  who  were 
probably  reduced  to  yet  more  oppressive  dependence.  Thence  it  follows 
that,  before  the  restoration,  temple  ownership  had  been  restricted  and 
relations  with  the  temple  relaxed,  a  fact  which  accordingly  snpporta 
my  represeutatiou  of  the  development.  And,  secondly,  the  coarse  of 
Sargoii  in  the  foundation  of  the  city  Dar-Shamikin,  iuasmach  as  be 
boasta  that  he  has  accomplished  the  expropriation  of  the  landowners  in 
a  just  manner,  seems  to  indicate  that  a  free  peasant  class  had  survived 
even  after  the  restoration.  Under  the  descendants  of  Sargon,  the  evo- 
lution of  conditions  probably  tended  more  and  more  toward  the  extinc- 
tion of  this  class,  and  thus  formed  the  social  groundwork  which,  after 
the  downfall  of  the  dyuasty,  allowed  Assyria  as  well  as  Babylou  to 
become  a  Median  and  Tersian  province. 

Farming  on  the  owner's  own  account,  as  we  know  it  from  the  temple 
records,  was  practiced  in  this  manner:  Peasants  brought  their  products 
to  the  f»mple  storehouses  and  received  for  these  products  receipts  from 
ofBcials  apjKiinted  for  this  purpose.  It  was  the  same  in  the  case  of 
private  owners.  It  seems,  however,  aa  if  this  kind  of  management 
was  not  very  prevalent,  or,  at  any  rate,  fell  into  disuse  more  and  more 
in  New  Babylon.  It  was  replaced  by  a  system  of  leasing,  which  was 
highly  perfected  and  formed  the  transition  from  domestic  to  commercial 
uianagement. 

I  have  already  stated  that  the  temples  farmed  out  tbe  collection  of 
their  revenues;  likewise,  as  with  private  owners,  they  rented  great 
tracts  of  land  to  contractors.  These  contractors  made  a  business  of 
renting,  inasmuch  as  they  either  had  the  land  cultivated  on  their  own 
occonnt  by  free  or  nnfree  laborers,  or  leased  single  pieces  again.  This 
snbtease  was  concluded  either  after  exactly  the  eame  form  as  between 
the  first  renter  and  tbe  proprietor  or  else  it  was  a  share  rent,  Bo  that 
the  pro])erty  did  not  give  a  fixed  rent  bat  a  proportionate  retnrn,  which 
brniight  IV  larger  or  smaller  sam  according  to  the  result  of  the  harvest, 
Susli  farming  on  shares  was  also  practiced  where  renters  took  property 
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directly  nnder  tb«>ir  own  managMBent  from  pmpritwr^  Tbr'  i 
of  the  evonomiL-  relations  of  BabyliMi  whieh  ve  can  tkas  "fc*^^ 
help  of  the  contracts,  resembles  thnmgitoiit  tfaaX  o€  Italy  is  .-- 1 
centaries,  wboM  political  devek^aiait,  indeed,  prcaenu  beairir'  =  i 
striking  analogies  to  tfaat  of  Babylon.  Folly  to  abaw  this  sm  .- 
however,  would  lead  me  far  beyond  the  Baitts  ot  my  casay. 

I'rodaction  was  directed  primarily  toward  tb«  gaining  of  th>>  >  ' 
saries  of  life.    If  tbe  accoonts  of  tbe  Greeks  had  aoC  already  \ 
ns  this,  the  indigenoos  inscriptioiu  would,  fmmrdrifrlTr  npm  '.  i 
deciphermeat,  have  shown  that  tbe  main  stress  of  soei^  aeor'  i 
Babylonia  was  placed  apon  a  qnite  extraordinarily  intotsiTV  <^~  - 
tioii  of  tlie  soil.     InnamerablearetbereceiptBfbr  tbeddi^^Tof  r- 
of  dates,  of  date  litter,  date  wine,  sesame,  and  gariir,  which  an : ' 
cited  here,  jnnt  as  in  the  accounts  of  tbe  Bgpytian  pyraBi(l&    A:^  i 
tbiH  subject  the  accoants  of  the  temples,  of  which   the   stocvb:-: ' 
appear  to  have  ruled  tbe  market,  speak  more  clearly  than  asj' 
elm-.    At  the  same  time,  tbe  arrangement  is  especially  peculiar,  ar- 
tnt;  In  which  live  stock  ap|>ears  not  to  have  been  pastured  ap<-- 
owner's  land  nor  nnder  the  owner's  direction,  but  to  have  been  z 
into  the  chari^e  of  contractois,  who  luidertook  to  pasture  tbe  hcri- 
varions  owners,  engaged  to  guard  aad  care  for  tbem,  and  were  ps.! 
Ui4!ir  services.     Here  tbe  influx  of  nomad  tribes,  with  propCTtr  r- 
niHting  mainly  of  herds,  and  the  resulting  forma  of  collective  o^,- 
sliip  of  lurgG  tracts  of  arable  land  appears  to  have  led  very  eac- 
certain  conipromises  with  the  perfected  private  ownership  of  real  ec-' 

The  coiisnmptinn  of  these  prodacts,  so  far  as  they  were  not  cb^- 
by  the  pro(lacer»  themselves,  most  have  taken  place  in  tbe  citiw:  t- 
since  exportation  conld  probably  have  taken  place  only  on  a  lin  - 
HCiili! — for  ait  far  as  Arabia  the  neighboring  provinces  seem  to  hj 
pro<Iiiced  their  own  grain — a  conclnsion  as  to  tbe  size  of  these  ciiir^- 
tlieteliyJiiHtitied.  But  then  it  is  unavoidable  toasstune  a  highly floorv 
irig  condition  of  industry  in  these  cities;  and,  indeed,  the  textile  &l>r^ 
of  Itabylon  muHt  have  been  known  and  celebrated  throoghout  the  vk ' 
world  of  that  time.  The  smith's  and  carver's  arts  bad  likewise  attiir? 
a  high  degree  of  perfection.  While,  however,  tbe  materials  for  (bt^ 
arts— at  mctaln,  stone,  and  ivory — were  not  produced  in  the  cooitri 
bnt  e»ten>(l  it  as  objects  of  exchange  for  tbe  products  of  Babykw.  lii^ 
material  for  weaving;  was  in  part  obtained  in  the  conntry.  Tbeniif 
yi't  preserved  for  us  many  copies  of  orders  by  warrant,  of  wki^  ti* 
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antagonism  betveeu  plaia  and  city,  between  psstare  and  agricol- 
ra.1  tM>antry,  and  which  wero  then  reSected  in  the  political  intrigues 
icording  aa  indiridnal  parties  represented  one  or  the  other  interest. 
tid  it  is  dear,  forther,  that  with  the  pecaliar  growth  of  temple  owiier- 
lip — aa  I  have  developed  it  above  out  of  the  idea  of  proprietary  claim 
pon  the  eoil — antagoDiBms  most  have  grown  ap  between  the  priests 
c  representatives  of  the  interests  of  the  temples  and  the  kings  as 
3i>resentatives  of  the  interests  of  the  state.  Only  by  means  of  this 
iBight  into  its  materif^  ooudition  doea  the  history  of  Babylon,  at  the 
ime  of  the  dynasty  of  Sargon,  for  instance,  become  Jutelligible, 

1  have  already,  above,  emphasized  the  foct  that  the  oaltivatiou  of 
be  land  must  have  been  a  very  intensive  one.    We  see  this  irom  pic- 
tures which  show  how  water  was  raised  firom  the  cauals  onto  the  land 
>y  meaoB  of  hydranlio  machines;  and  we  can  draw  this  oonclasioa  trota 
}he  syllabaries  published  in  the  second  volnmneof  the  London  work  of 
InscriptionB,  which  deal  with  the  varions  phases  of  agriculture.    Finally 
we  gather  the  same  knowledge  fh>m  the  data  of  the  lists  which,  drawn 
up  by  the  temple  ofBciala,  show  what  amount  was  to  be  raised  in  taxes 
alone  from  the  several  tracts  of  ground.    These  tracts  themselves  were 
distinguished  according  to  the  kind  of  cultivation;  those  where  the 
clods  were  broken  with  the  hoe  were  from  this  called  aggullatta — that 
is,  a  tool  which  Tiglath-Pileser  I,  for  example,  had  used  on  the  con- 
struction of  roadways  iu  the  Armenian  highlands.    Another  kind  of 
tool  after  t^hich  tracts  of  land  were  named  was  the  marm,  written 
gieh  mar — that  is,  the  ideogram  for  wood,  plus  the  ideogram  mar,  which 
is  applied  to  a  kind  of  wagon.    Unfortunately  the  meaning  of  the  word 
can  not  yet  be  ascertained  with  precision.    While  marm,  in  the  arohi- 
tectural  inscription,  is  taken  by  some  to  mean  scoop  or  bncket,  others 
find  in  it  the  meaning  wagon  tongue.    In  some  of  the  oontracta  marm 
certainly  means  a  kind  of  vessel.    It  might  not  be  impossible  that  there 
were  two  meanings  in  the  word:  (1)  that  of  the  vessel,  which  would 
then  be  referred  to  in  the  contracts,  as  well  as  in  the  architectural 
inscriptions;  (2)  also  that  of  an  implement  which  might  perhaps  find 
employment  in  transportation  as  well  as  in  agriculture.    I  imagine  it 
as  a  primitive  kind  of  cart  or  dray,  and  oonsider  it  not  impossible  that 
by  patting  in  a  plowshare  a  plow  might  also  have  been  made  ftom  it. 
Further,  lands  were  designated  as  zaqpu  to  be  derived  from  zaqaf;  if 
they  were  planted  with  date  palms,  as  pi  shulpi,  if  bordering  on  water 
and  Bwampy,  as  ipiunu,  if  watered  with  the  water  wheel,  and  as  taptu, 
d(  which  the  exact  signification  as  yet  eludes  definition.    Especially  iu 
Babylonia  the  idea  of  fallow  land  appears  to  be  lacking,  which  occurs 
qaite  frequently  in  the  Assyrian  contracts.     Whether  here  tiie  land 
actaoily  was  or  could  have  been  continnouely  cultivated,  without  fixed 
rotation  and  without  pause,  I  leave  uudecided. 

The  individual  tracts  of  land  were  not  computed  according  to  meas- 
uremeDtB  of  pure  plain  geometry,  like  building  plots,  but  according  to 
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IIMmiol  (bat  had  b>a  cn^rvl  m^lmr  STar-^^sa., 
etc— UiM  K  Moonli.g  u.  lie  E^  »d»j,«;  rani  rf  c 
•boat  ootmitoiKb  to  tke  Ciijn  n^n:  :»  Itejn  ]_a 

iDg  to  tbfA,  ft  piece  of  land  wae  fli  laj^  ■,!  n  if  )v  i 
be  sowed  opoD  it.    SatanOr,  tfe  a 
nN-te<l  under  adraoeed  e 

a]>|iean  tbat  geoeraUy  a  a ^^  ^^_ 

!)»  (tbat  l^  one  eigbtKo^badndlk  af  Ar  rar 
deiiotatlou  aba.  bL  a,  of  vh'  '    -  ' 

Hxeflaaaoertaiiiexteotofb ,  -__„ 

It  in  not  fet  poeaible  to  aajanyl^ia^^ 

unit  or  measure;  Oppert'a  eakslalia 

relebntted  aexyrioiogist  beciaa  wilb  t 

and  iH  naturally  compelled  to  i 

louKcr  one  for  land  meaaiiKme.,^ 

nearer  tbe  truth  by  a  coqjeebuv. 

measured,  it  is  done  by  tbe  oooa 

gi     •|auu,(i«ed,i.e.rod)=.7a(n=a 

meiMurc,  namely,  gi.  u,  that  ia,  a  a 

the  other,  i  ell  long.    This  oonstmem 

that,  if  there  were  8nbdiTi8iooB,tbeae  wen  c 

■»rfii.o  unit  gl.  Shu.  «i,  qanu,  nbao  (bobn)  (_„  ,m«.  =  a, 

unit  of  nieiisurc  was  accordingly  diTided  into  para,  tt  wUcb  • 

(»iuul  li>  J  ell«,  remained  iuTariabbi,  wblle  tl»  otkcr  aide  was  ' 

nioiti  Indiee  In  length.    It  seems  to  me  now.  tkat  Ike  koJ^ 

of  like  nuluie  in  the  constmction  of  the  ani&oo  wait  g^™^ 

laud.     HInoo  u  (    -ammatn)  is  l»  be  takea  as  a  « — 1.»^  ■ 

"' """»  •«  tbe  acconute  of  several  docunMots.  Iliis  eU  of  lmi,.f^ 

denoK.  •  piece  of  land,  of  wbiob  tbe  short  side  ,»,  eq,.!  „,  ^  . 

' "'«  "''I",  bowever,  ertended  as  far  as  was  nicnaarr  in  «d.  j 

one  Hluk  hi.  a  might  be  sowed  npoo  it.  ^^ 

Wa  do  ii.,t  burn  very  much  about  the  real  acdyity  of  the  n-st 
The  giwuul  »,„  i„„|,e„,  „,^  ,^  ^^^  -.wiugfg.JdLT'- 
l.0i»]r  torn  b  „l,  or  herd.,  and  the  fenc»  around  iTS^  Z 
onler.  Tl„  duly  of  watobtog  and  putting  th,  ditches  io  ^i.^: 
t  inc.  emplu,.l,.,«|  In  ,h,  docameuM  of  l«»e.  About  tbe  h^^ 
the  inauuur  „f  gathering  them  there  is  almost  nothing  uTTnL 
trom  tbit  Inscriptions.  *^ 

In  tbe  Hubylou  of  Nebucbadneiiar  II,  tbe  main  barmt  of  ~i.  „ 
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y,  or  in  the  house  of  the  purchaser  or  of  the  lessor,  respectively. 
\t  the  waterways,  which  received  carefal  attention,  were  osed  £Dr 
s  transportation,  need  not  excite  sarprise.  Since  ship  asses  are 
xty  times  mentioned,  it  might  seem  as  though  the  boats  had  been 
■.wn  f^m  the  bank  by  asses,  but  that  is  probably  not  emreot 
cording  to  the  representations,  rafts  of  the  Assyrians  vere  made  of 
-oden  frames,  ander  which  were  fostened  skinB  of  rams,  closed  and 
>ter-tigfat,  and  dlled  with  air.  Navigation  is  practiced  in  similar 
hiiner  down  tbe  river  even  to-day  on  the  Tigris.  At  tlie  place  of  des- 
lation  the  wood  is  sold  aloug  with  the  cargo,  and  tbe  skins  are  piled 
>  and  transported  back  apoo  asses.  Snch  asses  might  well  be  meant 
the  passages  mentioned;  nothing,  however,  is  learned  &om  this  as 
•  the  manner  of  navigation  on  the  canals. 

Tbe  laborers  bad,  as  a  remnant  of  the  ancient  domestic  management, 
leir  fall  maintenauce  npon  the  laud,  and  wages  beside.  If  they  were 
.  -ee  peasants,  these  wages  came  tVom  a  share  in  the  produce  of  the  bar- 
est. Slaves  received  their  food  and  clothing  from  their  masters  and 
f  they  were  hired,  the  employers  might  give  them  wages  as  he  did  to 
ree  laborers;  from  this  they  paid  to  their  owner  the  profit  due  him  from 
^  slave,  but  might,  however,  claim  clothing  troia  him.  Therefore,  there 
ire  also  contracts  of  hire  in  which  the  employer  pledged  himself  to  fbr- 
iiisb  the  clothing.  It  happened,  besides,  that  the  employer  paid  tbe 
slave's  dues  to  tbe  master,  and  guaranteed  food  and  clothing,  originally 
without  paying  tbe  slave  himself  anything  at  all.  This  wonld  seem  to 
have  been  the  earlier,  tbe  other  the  later  form;  yet  nothing  conclusive 
can  as  yet  be  established  concerning  these  important  qnestioas. 

From  the  part  of  the  crop  which  now  remained  over,  therefore,  as  fol- 
lows from  the  conditioos  detailed  above,  tbe  contractor's  rent  was  to  be 
-  p^d,  the  owner's  income,  and  the  incumbent  tases  and  imposts.    The 
rent  was  either  a  fixed  rent  or  a  share  rent.    In  tbe  first  case  there  was 
-  fixed  the  amount  of  produce  or  money  to  be  delivered  to  the  owner. 
We  have  several  snch  records,  but  nnfortanately  the  particulars  as  to 
'  the  amount  of  the  rent  permit  of  no  inference  as  to  its  relation  to  tbe 
I    returns  from  tbe  htu'veste.    It  was  otherwise  in  the  case  of  the  share 
rents.    There  it  was  provided  that,  after  deduction  of  costs,  the  pro- 
'     ceeds  were  to  be  divided  eqnally  between  tenant  and  owner.    There  are 
several  statements  in  which,  moreover,  it  was  agreed  who  should  pay 
;     the  taxes. 

The  income  of  the  owners  of  landed  property,  among  whom  the  tem- 
■  pies  also  are,  of  coarse,  to  be  reckoned,  came  to  them,  according  to 
what  was  said  above,  in  the  shape  of  mouey  or  in  that  of  produce.  If 
tbe  latter  case  prevailed,  and  this  was  the  rale,  there  was,  naturally, 
often  a  hardship  for  the  owner  in  being  compelled  to  meet  his  monetary 
obligations  during  a  period  of  low  prices  for  grain.  On  this  account, 
we  flud  an  exceedingly  large  number  of  texte  in  whioh  proprietors  were 
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forced  to  mortgage  their  lauds  in  ordw  to  procure  monef .  3tAj  ■ 
there  even  exists  a  docameDt  by  vhich  a  BabyloDian  in  Bttmci  b 
gaged  bis  harvest  od  the  stalk. 

The  Dncessity  of  obtainiDg  ready  money  sroee  not,  perbsfK  is 
private  needs  alone.  The  public  iostitntionB  mast  many  timt-  j 
cooperated  in  this  respect,  as  in  Borne  at  the  time  of  the  Be^ :  i 
For,  althpngh  as  already  recounted  at  the  outset,  the  temple  ic_-"i 
and  even  the  direct  State  taxes  were  stall  usually  delivered  in  tfe  1 
of  produce,  and  accordingly  little  iras  at  first  coDv^ted  into  ni 
Sams  of  money,  there  was  another  consideratioQ  which  oompdk'l'j 
use  of  money.  And  this  was  the  obligation  which  rested  ap> :  j 
individual  estates  to  furnish  soldiers  and  their  eqatpmeot,  and  lu-'' 
to  provide  for  their  maintenance.  This  obligation  was  probably  der- : 
from  conditions  in  which  the  landowner,  as  yet  a  peasant  faimaeli  - 
himself  in  readiness  for  service  in  arms  in  defense  of  the  coantry.  ^^ 
indeed,  a  mercenary  soldiery  must  have  developed  in  Babylon  •■'i' 
early,  especially  because  of  Uie  changing  foreign  mie. 

Thus  we  find  documents  in  which  money  is  appropriated  direct- 
serve  for  the  equipment  or  maiutentuioe  of  soldiers.  M<veovef.  :- 
explains  the  occarrence  of  the  designation  of  qashtn  for  certain  {kr- 
of  property;  these  were  just  such  as  bad  to  flimifih  archera. 

Other  exactions,  to  mention  these  also  which,  indeed,  did  not  dcmr 
8  direct  expenditure  of  money,  resulted  from  the  public  works,  F 
this  the  organs  of  administration  coold  constrain  the  laborers  or: - 
temple  estates  as  well  as  those  of  privateownership  to  a  kind  of  ear- 
in  which  their  maintenance  was  famished  by  the  possessors  vt  - 
estate. 

In  Babylon  a  veiy  important  indostrial  life  had  developed  re- 
early.  Of  raw  products  for  this,  the  country  had  only  day,  tsfta 
and  reed  in  the  best  quality.  All  else,  for  instance,  skins  of  ania^- 
wool,  so  far  as  this  was  not  furnished  by  the  tribes  which  nnop 
through  the  country  bad  to  l>e  imported.  On  this  acooont  the  t!a^> 
were  very  often  led  to  undertake  military  expeditions  toward  i- 
Amanns,  both  in  order  to  keep  the  way  open  for  traffio  and  to  obui: 
as  tribute  what  they  could  not  boy.  Babylon  most,  indeed,  have  bw 
a  gigantic  thoroughfare  for  the  trade  between  the  Mediterranean  ai^: 
the  Indian  Ocean.  About  this  we  can  learn  nothing  directly  from  tit 
cuneiform  inscriptions,  though  we  can  learn  it  indirectly,  by  inrennes 
and,  moreover,  Itom  the  Greek  authors.  One  thing  is  nevertbeki' 
clear,  that  great  amounts  of  raw  products  lay  in  the  storehooscs  & 
Babylon. 

Production  was  divided  into  the  work  of  trades  and  that  of  hetaim. 
I  call  trades  the  activity  of  free  or  nnfree  laborers,  because  tbey  «en 
entitled  to  take  apprentices  and  teach  them  their  trade,  an  iostttntuw 
Thichftdly  corresponds  to  that  of  ou"*"'  '  ies.    WehaTetolool 

K)n  the  temple  and  tbe  indostria'  -^  tiieiidiGitinDi 
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factories.  We  have  a  Dumber  of  certificates  of  delivery  which  show 
*-w  the  raw  materials  were  delivered  iuto  the  industrial  eatabliah- 
ents  and  bow  the  floiahed  prodnots  were  delivered  from  tbem.  These 
dicate  how  long  the  laborers  worked  and  what  amoaot  of  wages  they 
tceived.  As  bood  as  the  prodaots  of  the  trades  came  into  demand  as 
'.>)ect8  of  laxnry,  craftsmanship  toaobed  the  boundaries  of  art.  The 
>Tiditions  in  qaestioo  are  similar  to  those  which  existed  in  ancient 
'Sypt^  Artizansbip  is  a  refinement  of  what  is  commonly  called  trade 
rork,  which  yet  can  not  attain  individuality. 

The  fine  arts  were  mainly  employed  upon  the  royal  edifices.    Almost 
^very  kind  of  technique  was  practiced  there — metal  work  (especially 
tmboased  work),  metal  casting,  ivory  and  wood  carving,  and  stone  and 
:lle  mosaic.    The  technical  perfection  of  the  last  was  especially  remark- 
able.    One  is  with  reason  astonished  at  the  bluea,  partly  metallic  colors, 
partly  lapis  lazuli,  which  were  borntin  apon  the  tiles  for  mosaics.    The 
bronze  doors  of  Balawat  are  a  splendid  relic  of  the  artistic  skill  of 
former  times.    In  considering  the  stone  carving  it  is  striking  in  how 
masterly  a  way  the  hardest  stones  were  snbdued  in  the  most  remote 
times,  and  that,  too,  with  tools  with  which  modern  artists  can  not  work 
at  all.    At  that  time  there  was  as  yet  no  steel.    Even  the  hard  basalt 
was  worked  with  chisels  of  tempered  bronze.    Among  the  minor  arts, 
that  of  the  lapidary  is  especially  to  be  noticed.     We  find  quite  delight- 
ful engravings  upon  the  hardest  gems.    Here,  again,  is  such  a  technical 
perfection  as  conid  be  developed  only  by  the  practice  of  centuries,  and 
which  later  became  lost,  so  that  mmilar  noticeable  works  could  first 
be  produced  again  only  in  Italian  workshops.    Wood  carving  was 
employed  in  the  construction  of  thrones  and  of  little  Venus  figures  in 
wood.    A  similar  highly  developed  art  appears  also  in  ivory  work. 
Ivory  was  a  much-prized  article,  for  the  sake  of  which  the  kings  often 
undertook  military  expeditions,  since  the  elephants  were  already  exter- 
minated on  the  Euphrates  and  the  Tigris  toward  the  beginning  of  the 
teuth  century  B.  G.    The  ceramics,  for  which  the  most  excellent  raw 
material  was  present  in  all  Babylonia,  were  also  remarkable.    The  day, 
which  was  already  washed  smooth  by  the  rivers,  was  ground  up  so  fine 
that  clay  writing  tablets,  for  instance,  were  made  of  snch  superlative 
quality  that  they  could  be  covered  with  writing  so  small  as  hardly  to 
be  read  without  a  microscope. 

The  Babylonians  are  our  predecessors  in  the  art  of  printing.  We 
bave  matrices  iu  clay  and  in  wood.  The  writing  to  be  multiplied  was 
first  carved  in  wood,  then  oast  in  clay,  and  could  then  be  imprinted 
opoii  any  number  of  clay  tablets. 

A  highly  developed  branch  of  industry  was  the  art  of  weaving  and 
embroidery,  although  we  have  no  specimen  of  the  materiaL  We  can 
form  an  idea  of  this  art  from  the  representations  of  the  Egyptians  and 
the  Babylonians.  The  Babylonians  understood  how  to  weave  very  thin 
&biic8  as  well  as  the  thickest.    I  myself  have  seen  a  clay  tablet  in  Ixm- 


Coo^^lc 


598  A  SKETCH  OF  BABTLONIAN    80CIETT. 

doD  Thich  hail  been  taid  npon  a  piece  of  Uneo,  so  that  eveD  on 
pofiitioD  of  the  thretwls  and  the  ezoelleuoe  of  the  Cabno  to  whiek  s 
belonged  can  be  eBtimated. 

Tbe  tanner's  trade,  moreover,  was  highly  developed.  This,  tm. 
be  judged  of  only  through  pictorial  repreeentations.  Aocotdhif 
these,  shoes  and  the  harness  and  saddles  of  horses  were  elaboni- 
worked. 

Those  who  carried  on  indastry  were  partly  firee,  partly  slaves;  :.■ 
former  received  wages,  the  latter  were  hired  or  rented.  The  otdw 
the  slaves  received  firom  the  latter,  if  they  were  skilled  labor«s,»£i-' 
income.  This  must  be  clearly  recognized  in  the  pictoreof  thc^ofi: 
relations  in  Babylon.  It  is  a  matter  of  ooaroe,  that  here  the  iniAtv 
of  the  owners  and  those  of  the  laborers  mast  have  been  dinr'' 
and  that,  therefore,  in  spite  of  the  immense  popnlatioa  of  BabjbKi^ 
political  conditions  must  have  been  very  nnstable,  because  onlj  i 
rich — that  is,  the  dwindling  minority — bad  an  interest  in  the  am* 
nance  of  order.  Babylon  had  never  been  able  to  attain  tbe  postiociJ 
Borne,  where  the  Plebs  constantly  obtained  more  rif^hts. 

As  for  the  instruments  of  labor  in  Old  Babylon,  they  were  not  higM: 
developed.  On  tbe  other  hand,  a  high  degree  of  technical  perfetv^ 
was  wrought  out  with  these  poor  instruments.  Among:  n^  ^  ^^'^ 
is  the  case.  The  tools  are  very  good,  bnt  the  skill  of  the  huiDaD  bu^ 
has  greatly  diminished.  Whether  a  division  of  labor  in  the  nn^' 
sense  existed  in  Babylon  can  not  ba  yet  made  clear.  There  aretiwr* 
theless,  a  number  of  facts  which  wonld  point  to  it. 

According  to  the  representations  in  the  reliefs,  the  citizens  attoUK 
public  gatherings  on  state  occasions  and  temple  ceremonies,  richi! 
adorned  and  with  the  insignia  which  distingaished  them  as  citu«^ 
that  is,  in  flowing  gannents,  with  large  and  artisttcally  made  b'" 
dresses,  with  a  seal  ring  upon  the  finger,  with  staff  in  hand,  with  p^ 
and  beautifully  embroidered  leather  shoes.  In  everyday  work,  mW 
contrary,  we  see  tbe  same  citizens  carrying  on  their  bnsineM  in  »»bi 
and  apron,  nnfortunately,  the  remains  which  are  athandcomenMn? 
fVom  temples  and  palaces,  and  therefore  we  can  form  a  clear  pictun^"^ 
of  great  state  functions. 

HnvAral    finhnlara   mftintaiin   that,  in   Raltirinn   nnlv  fhn  tfilDDW  ■" 
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3azaarR,  were  ereeted  before  tbe  houaes.    There,  as  in  tbe  gates  of  the 
bemples  and  palaces,  handiwork  and  traffic  were  briskly  carried  on. 

Money,  tbe  medium  of  exchange,  received  its  first  and  best  improve- 

meitt  there.    It  had  passed  &om  tbe  conception  of  barter  to  tbe  refined 

conception  of  valne.    In  even  earlier  times  gold  and  silver  money,  and 

also  as  subsidiary  coinage,  copper,  bronze,  and  iron  were  used.    Tbe 

further  tbe  development  went  the  more  need  there  mnat  have  been  of 

having  tbe  metala  in  a  fixed  form  and  in  certain  proportions  of  weight 

in  order  that  there  might  be  no  necessity  for  weighing  the  metals  each 

time.     It  was,  therefore,  molded  into  bars  and  rings.    Unfortanately, 

no  such  coins  have  been  preserved,  bat  we  have  written  references  to 

them.    The  unit  of  value  was  the  mine.    This  contained  60  sbeqela,  and 

tbe  latter  had  again  sabdivisions,  bat  these  varied.    From  the  two 

first  developments  of  money  arises  the  third;  the  use  of  money  as 

capital;  that  is,  interest-bearing  capital.    We  have,  in  about  2300  fi.O., 

the  transition,  as  people  pledged  tbemselTes  to  work  a  certain  length 

of  time  for  a  sam  of  money  which  they  most  return  later. 

Exchange  was  known  in  Babylon,  and  there  are  statements  of  the 
changes  in  value  of  money.  Moreover,  the  ratio  of  value  between 
gold  and  silver  was  fixed. 

This  fine  development  of  the  relations  of  value  was  accompanied  by 
another — the  relation  of  the  purchasing  power  of  money  to  livelihood. 
A  number  of  documents  exist  which  show  that  the  living  expenses  of 
the  laborers  can  not  have  been  very  high,  and  this  agrees  with  what 
we  know  of  the  Orient  from  other  sources.  Tbe  soil  fhmishes  the  neo- 
eesaries  of  life  without  man's  having  to  take  much  trouble.  Conse- 
quently, idleness  and  beggary  are  nowhere  more  widespread  than  in 
tbe  Orient.  Nowhere  is  industry  urged  forward  in  a  more  brutal  way. 
There  are  many  reUefs  from  Babylon  and  Egypt  which  show  laborers 
constantly  driven  by  blows  from  a  stick;  during  the  transportation  of 
colossal  weights  an  overseer  with  a  club  stands  behind  eveiy  tbiee 
or  four  laborers. 

CONCLUSION. 

During  the  correction  of  the  preceding  sketch,  which  tbe  editor  of 
the  Mittheilnngen  has  sent  to  the  press  half  against  my  will,  bat  which 
I  will  not  now  withdraw,  since  otherwise  I  should  be  obliged  to  let  it 
lie  for  many  years  to  come  without  finding  tbe  time  to  work  it  over 
tboroughly,  two  gaps  came  to  my  special  notice,  the  filling  up  of  which, 
however,  is  subsequently  to  take  place  elsewhere.  The  professional 
position  of  the  priests  will  probably  be  described  by  Zimmern  in  his 
contributions  to  the  knowledge  of  the  Babylonian  religion;  that  of  the 
judges  will  be  treated  by  Kohler  in  the  fourth  part  of  the  work 
published  by  Eobler  and  myself  upon  Babylonian  joridioal  life. 
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By  PHnjppB  Bbbgkb. 


For  some  time  Oartbage,  wbich  seemed  to  have  been  so  completely 
destroyed  by  tbe  Bomaos  that  its  rety  roiiiB  had  diaappefu^d,  has 
i^ain  been  attracting  public  attrition.  Bat  a  few  veeks  ago  tbe 
reporta  of  the  Acad^mie  dea  Inscriptions  told  the  tale  of  aew  discov- 
eries made  in  the  necropolises  of  Carthage  \ty  the  indefotigable  zeal  <^ 
P^re  Delattre. 

Tbe  interest  aroused  by  this  resnrreotion  of  the  past  has  overstepped 
the  confines  of  the  learned  world.  Tonrists  hasten  to  attend  the  open- 
ing of  the  tombs  in  the  hope  of  being  present  when  relics  of  the  time 
of  the  Magos,  tbe  Hamilcars,  and  the  Hannibals  are  brought  to  light. 
Tbe  Government,  too,  has  realized  the  importance  of  these  discoveries 
for  the  history  of  Tnnis.  Under  the  enlightened  patronage  of  our  resi- 
dent general  and  thanks  to  tbe  sabventions  of  the  minister  of  public 
instmction  and  of  the  Acadf^mie  dee  Inscriptions,  M.  Paul  Gaackler, 
director  of  the  Service  des  Antiquitea  et  dee  Arts  in  Tnnis,  erected  a 
shed  beside  Pdre  Betattre's,  and  in  continuing  the  very  line  of  excava- 
tion that  has  yielded  P^re  Delattre  such  happy  resnlte  at  the  first 
stroke  of  the  pickax  he  has  come  npon  a  mine  riober  than  any  yet 
worked. 

Under  a  layer  of  the  Byzantine  period  he  dieoorered  a  carefully 
mnred  up  sanctuary  of  the  Boman  epoch.  In  this  subterranean  cham- 
ber, awaiting  better  times,  donbtiess,  and  protected  against  the  zeal  of 
the  new  religion,  had  been  piled  up  liste  of  priests,  votive  offerings, 
Mithraio  groups,  a  bull's  head  bearing  a  votive  inscription  to  semibar- 
liarona  gods  between  ite  horns,  and  marble  stetnes,  many  of  them 
worthy  to  appear  beside  works  of  tbe  great  era  of  classic  Greece.  Then, 
Dnder  the  Boman,  be  found  in  the  Phceniciau  layer,  studied  by  Pere 
Delattre,  tombs  of  the  same  architecture  and  with  the  same  contents  as 
those  excavated  by  bis  predecessor,  but  singularly  rich,  couteiuing 
rings,  bracelete,  gold  necklaces — real  treasures,  such  as  would  have 
msde  the  heart  of  Dorean  de  La  Malle  and  of  Beol^  leap  for  joy. 


iTnuwlatod  bom  Berne  dea  Deux  MoadM,  VoL  CUll,  1899,  pp.  66S-67Q. 
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So  each  day  discloeee  antiqaiti«s  BarpaaaDg  in  richnea8udir.r^| 
interest  aoy  before  knowa;  aud  if  Carthage  bad  yielded  iw 
tombs  they  would  bavesaffioed  to  give  unexpected  iiiformatioD,ti: ' 
who  knows  how  to  question  (hem,  nptm  PbtBoici&n  art  and  diikaa  I 
of  the  period  preoeding  the  crvectbnnr  of  the  qoeeo  of  tliBacstq 
Bomsnfc 

n. 

Few  spectacles  give  the  impression  of  the  obliviou  into  wfaic^  ^ 
graadeor  falls  in  the  same  degree  as  tbe  ruins  of  Carthage.  S«*i'^ 
does  UeleDda  Carthago  strike  one  as  sadi  a  vivid  reality.  Hie  Stan) 
acquitted  themaelvee  of  their  work  conscientiously,  aodcivilizsticiu 
completed  what  the  conqnerors  left  nndon&  The  stones  of  Garii^ 
after  serving  in  the  Boman  town,  were  osed,  and  oontaone  to  beis^ 
for  the  bouses  of  Tauis,  and  the  marble  of  its  cohunns  adorns  the  olie 
drals  of  Italy  and  southern  France. 

From  the  promontory  whence  the  bay  of  Tnnia  is  aeea  io  tiK  & 
tauce,  with  the  beantifhl  line  of  mountains  that  shot  it  in  on  the  eoiI: 
the  glance  wanders  over  some  earth  be(4)B  in  which  on^j''  tbe  tninct^ 
can  recognize  tbe  site  of  ancient  Carthage.  Not  even  mins  are  ii^ 
Far  off,  toward  Tunis,  there  gleam  in  t^e  sunlight  two  lagoons, «!» 
the  ports  of  Carthage.  They  probably  formed  t^e  inner  harbor.  1^ 
orifices  of  the  great  cisterns,  tbe  circus  and  the  amphitheater,  botli°: 
tbe  Boman  i>eriod,  and  tbe  long  line  of  aqueducts  gliding  toward  Zi;- 
wam,  this  is  all  that  remains  of  Carthage.  Not  far  from  ebesea,iDUc 
middle  of  a  tract  of  land  bought  by  France,  on  a  hillock  suppom" 
have  been  Byrsa,  rises  tbe  basilica  of  St.  Louis,  at  vbicfa  th«  '"■^^ 
ties  of  Carthage  were  deposited  as  soon  as  found.  It  was  tbeG'^ 
museom  for  the  purpose  and  the  only  one  nntU  Ben6  de  Jm  Bimd^ 
prepared  tbe  palace  of  Manuba  to  boose  the  finds  from  excaTSw* 
made  under  the  management  of  the  Antiquity  in  Tonis. 

It  is  proper  to  say  that  to  Carding  Lavigerie  bdongs  tbe  chief  ■u*" 
of  these  disooveries.  After  Durean  de  La  Malle,  who  restorMf » 
topography  of  Carthage  without  ever  having  been  on  its  site  »» 
endeavored  to  found  a  society  for  tiie  exploration  of  its  mfo*.  •* 
after  Beul^,  who  more  recently  brought  his  artistic  and  arcliff<)<^ 
skill  to  bear  upon  them,  Lavigerie  was  the  first  to  cotapmbei^  ^ 
necessity  for  making  systematic  excavations  at  Carthage  and  for  nuii>' 
taining  a  permanent  station  there. 

Bveo  before  this  tbe  Academy,  interested  in  collecting  the  oiftl^ 
of  tbe  Co'""'"  '"soriptionum  Semiticarum,  had  charged  M.  deSti"''' 
Marie, '"  '  the  French  consulate  at  Tunis,  to  institott  '•'* 

such  a  tie  wbile  he  had  a  collection  of  more  ^^  "! 

thoDSa  ')f  dull  sameness,  proving,  however,  tbat  tbe  sw 

ofOaii  Bnicf  an  antiquities.     He  found,  besidtfr'"'^ 

oas  bii  i  statues  or  fiagmeQis  of  statoea,  all  n  "* 
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Boman  period.  He  died  just  after  the  pnblioatioii  of  the  texts  vhich 
science  owes  to  him.  After  his  depiulare  from  Tania  the  exoavataons 
'were  continned  by  MM,  Beinach  and  Babelon,  and  it  may  be  said  that 
-the  researches  called  forth  by  the  pablioatioo  of  the  Oorpne  Inscriptio- 
nam  Semitioariim  gave  the  first  Impnlse  to  the  movement  now  develop- 
ing before  onr  eyes. 

The  Cardinal  did  not  stop  at  any  sacrifice.  He  paid  for  the  excava- 
tions oat  of  bis  own  parse  and  pleaded  the  caase  of  bis  mnseam  with 
the  persnasive  ardor  characteristic  of  bim.  Fortunately  his  right 
hand  in  this  enterprise  was  P^re  Delattre,  who,  with  his  frank,  ener> 
getic  featares,  long  blond  beard,  and  white  robe,  is  a  flgare  well 
beloved  by  all  visitors  at  Tnnls.  Having  been  loog  identified  with  the 
place  and  knowing  the  people  and  the  locality,  P^  Delattre  was  in  a 
better  position  than  anyone  else  to  gather  information  firom  the  natives 
and  to  know  at  what  points  to  oondact  researches. 

His  investigations,  at  first  limited  and  rather  haphazard,  anderweot 
a  change  as  the  result  of  a  visit  of  the  Marqois  de  Vogtt4.  He  gra- 
eioasly  placed  at  Pire  Delattre's  disposal  a  snm  sufflcieot  to  enable 
him  to  proceed  with  his  work.  From  that  time  his  resolution  was 
fixed.  He  conceived  tho  plan  of  exploring  the  necropolis  in  the  side 
of  the  bill  of  8t.  Loois.  At  nearly  the  same  time  a  French  engineer, 
who  deserves  mention,  M.  Yemaz,  in  examining  the  subterranean 
canal  which  flows  frvm  the  great  cisterns  into  tbe  sea,  struck  upon  the 
first  tombs  of  tbe  Pboenioian  necropolis  of  Bordj  Djedid,  which  is 
crossed  by  tbe  Roman  aqueduct. 

M.  Ht^roD  de  YUlefosse,  who  had  been  present  at  P^re  Delattre's 
first  excavations,  and  had  constituted  himself  his  representative  at  t^e 
Academy,  kept  it  daily  informed  of  his  discoveries.  Yet  it  oeitlier 
subsidized  nor  encouraged  blm  in  any  way.  And  thus,  little  by  little, 
laboring  from  tomb  to  tomb,  from  necropolis  to  necropolis,  he  succeeded 
in  determining  the  site  of  three  great  Oarthaginian  cities  of  tbe  dead. 
These  necropolises,  extending  ^ong  tbe  bills  that  reach  ttom  the 
chapel  of  St.  Ijoujs  to  the  sea,  form  a  semicircle,  which  embraces  the 
heart  of  tbe  city,  as  it  were,  in  the  boms  of  a  crescent.  Was  the  whole 
of  the  ancient  city  comprehended  witiiin  these  limitef  It  must  have 
been  very  small ;  but  early  ^me,  also,  was  of  no  great  extent,  and  the 
seven  bills  are  to-day  lost  in  tbe  maze  of  streets  and  buildings  that 
form  the  heart  of  tbe  modem  city,  Posdbly,  too,  what  has  happened 
to  onr  cemeteries  in  Paris  occurred  in  Garth^re.  At  first  oateide  the 
city,  they  were  finally  surrounded  by  it,  but  were  kept  in  use  never- 
thdess. 

In  any  ease,  all  are  not  of  equal  antiquity.  The  most  ancient,  called 
Dooimtis,  from  tbe  name  of  the  territory  covering  it,  occnpfee  the  most 
diatiHit  point  from  the  sea,  not  far  from  the  cistern  of  Malga.  It  cer. 
tAinfy  goes  back  to  the  sixth,  if  not  to  the  seventh,  oentary  B.  0.  This 
age  is  indicated  by  tbe  presence  of  beaatifbl  CoriuthiaQ  vases,  whose 
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^ato  M  kBwv«  to  withiD  ft  oeotory,  aa  well  as  by  Om  fbtarfc' 
pwcwtif  MitlMiiwmre, qwciaUy  of  some  rattior  iHiinitiT«laa;^ib:| 
b^zA^  iWp  g^awrs.  tbe  edges  of  which  are  pressed  togetfaertaaiC'  i 
w  focm  *  rkurnel  for  the  wiok.  Aud  this  opinion  eoDeerniag  te  '1 
■»<n>czi«««i  by  tbcdiMorery  of  the  pendant  to  a  gold  DecilKe,k  | 
tW  sin^  of  a  tvn-frftiK  piece,  bat  admirably  engraved  witk  «  kp 
It-t-cJariaa  vharartara  of  the  most  archaic  type. 

Tb<^  Ctrtterfrum  tbe  center,  tbe  more  recent  the  dateof  the  met 
lis.  TtH^  least  aoeiait  oae,  yet  antedating  tbe  end  of  tbe  Pnaitn 
ft-r^  ih«ri^t  bora  of  the  orescent,  where  the  hills  marking  tteiT- 
«r«  tiMit  of  the  Tillage  meet  tiie  sea  near  the  Turkish  fort  of  Br 
Dm^iiL  It  is  e^>eei»Ily  interesting  for  the  richness  of  its  fanenliw- 
vHm.  id  which  tbe  iodaence  of  Greek  art  predominates,  aaditrj 
naiiin'  of  sen  cootvaiporary  with  the  snpreiDe  strnggle of  Cu^ 
TW  tt>mbc$  usoally  consist  of  one  or  more  fnneral  chambers  ooou'- 
by  a  fvrtinU  shaft.  They  were  sonk  in  the  side  of  the  hill  to  *  dr;L 
olT  t>.  ttt,  and  even  14  metws.  To  get  at  them  it  was  Tiece88arj^<^^ 
out  shafts  choked  op  and  completely  covered  over  with  dirt  heaps,  D'- 
8ut>:*H-niiut-<ui  passages  from  tomb  to  tomb,  remove  obstacles,  and  ^ 
asiiltf.  ev*u  blow  ap.  great  flagstones,  barring  the  way  to  ch«nib«^ 
all  at  the  t>^ril  of  a  tboasand  diffictilties,  over  which  onlyeoeisr''"^! 
lalMl  by  the  hope  of  discovery  ooald  triomph. 

iln«  of  the  moeit  beaotifhl  tombsof  the  secropoIiB  of  PoaiiD^i"^ 
one  cttlM  by  P^re  IVlattre  tbe  tomb  of  ladamelek,  becaose  the  p- 
•Dt  to  a  gold  ncckhH^e  found  in  it,  near  one  of  the  skeletons,  bean  tit^ 
Dame — the  name  of  the  owner — following  a  dedication  to  AstartAl^r 
nalion  engraved  in  microscopic  bnt  pwfectly  dear  Phteaiaaii  ci**' 
ters  of  gi«tt  anti<init}-, 

A  nx'k  slab,  3  meters  long  by  fiO  centimeters  thick,  covered  tii«*f 
aloher,  and  Pore  Delattre  had  to  ont  a  passage  throagli  it  and  tlm»^ 
9  meters  of  earth  before  he  reached  the  chamber,  which  he  foanditHV- 
He  describes  the  sight  that  met  his  ^es  in  these  words:  "Tben'^ 
and  even  the  fliigstone  iravement  were  overlaid  with  Btaoeo-  ^' 
atoooo.  exceedingly  fine  and  hard,  had  the  white  crystalline  appeannt 
of  snow.  The  flame  of  our  candles  made  it  gleam  ia  myriad  jparW 
points.  Part  of  the  glazing  bad  become  detached,  and  had  fell*"  * 
tbe  skeletons  in  sheets;  another  part,  still  nnbroken,  leaned o^^ 
a  great  i  lity  of  the  stncoo  wsa  wehtW 

under  tb  a  metallic  soand." 

The  g  of  the  chamber.    Between  "' 

stucco  ai  'he  cave  was  a  space  of  J^'*'' 

meters,  i  «d  ceiUng  had  once  ^^'^ 

hat]  now  the  fibers,  and  even bitt"'^'*- 

sticking  "*•*  ^^^^  tl>6y  li»d  been  tli«*-  * 

red  threj  'n®s>  wbich  most  have  seff*'*' 

a  chalk  I  ^^  ceiling  fltish  with  eaok  «**' 
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roved  witb  wbat  care  tbis  tomb  bad  been  ezecnted  to  the  sligbtest 
etail.  And  in  tbe  silence  of  tbe  fnneral  cbamber,  in  tbe  midst  of  tlie 
saa)  fnmisbiDgs  of  tbese  tomba,  the  skeletons  of  two  CartbaginiaDS, 
.iisbaud  and  wife,  still  guard  the  remains  of  the  jewels  with  which 
liey  had  been  adorned. 

The  tombs  vary  greatly  in  their  contents,  yet  nearly  all  present  cer- 
aiu  minor  objects,  which  form  tbe  obligatory  and  ritualistic  part  of 
:-Ue  equipment.  Near  the  bead,  or  in  a  small  niche  in  tbe  wall,  are  two 
vials,  always  the  same;  a  lamp,  still  blackened  with  smoke,  which 
probably  burnt  near  the  head  alter  tbe  closing  of  the  tomb;  then, often, 
at  his  Bide  a  scent  box,  which  was  meant  to  be  held  in  the  hand,  bot 
which  had  rolled  to  the  ground  on  the  crumbling  of  tbe  bones. 

Tbe  dead  are  laid,  not  in  a  lateral  niche,  as  in  certain  other  necropo- 
lisea,  bat  on  the  ground,  in  the  midst  of  all  tbe  objects  with  which  tbe 
respect  of  their  family  bad  aurrounded  them.  There  was  no  eoffln. 
They  were  lowered  through  tbe  shaft  by  cords  on  a  board  which  served 
as  a  funeral  couch.  Close-riveted  bandies  and  targe  braes  nails  bear 
witness  to  the  manner  of  adjusting  those  pieces  of  wood. 

Sometimes  tbe  body  seems  to  have  been  covered  with  two  planks, 
forming  a  roof  over  it.  In  the  more  recent  sepulchers  are  large  pointed 
amphone,  and  stone  cheats  containing  ashes  or  calcined  bones.  Often 
skeletons  and  cinerary  nms  are  found  in  tbe  same  tomb.  This  indi- 
cates that  cremation  gradually  displaced  harial. 

Besides  the  stationary  objects,  there  lay  on  the  ground  or  leaned 
against  tbe  wall  vases  of  very  different  forms  and  dimensions.     Some- 
times unadorned,  sometimes  decorated  with  fringes  and  black  and  red 
circular  lines;  vases  of  black  Bbodesian  earth  covered  with  feezes  of 
animals  or  scenes  from  mytbology;  vases  in  tbe  form  of  baby  bottlea, 
called  bazzula  by  tbe  natives;  large  clay  amphone  of  rude  workmau- 
ahip;  oinocboiis,  elegantly  shaped;  alabaster  pieces;  gobleta;  vials, on 
which  the  Ph«'«ieian  painter  had  allowed  bis  fancy  free  play,  some  in 
the  form  of  animals,  others  representing  a  oronching  woman,  or  a 
baboon  holding  another  vase  shaped  like  a  frog's  head.    Ostrich  eggs, 
painted  red  and  yellow,  figore  extensively  in  tbese  aepolcbers— often 
several  are  found  in  one  tomb.    In  tbe  tomb  of  ladamelek  an  egg,  still 
intact,  served  both  as  a  receptacle  and  as  stopper  to  a  larger  vase. 
Elsewhere  there  were  only  simple  rowdelles,  rudely  painted  with  human 
features.  Again, tberewereEgyptianflgnrines;  statuettes;  terra-cotta 
masks;  objects  having  symbolic  or  religious  significance,  as  well  as 
articles  of  daily  life;  small  chairs  and  tables,  looking  like  toys;  bone 
or  ivory  pieces  artistically  worked ;  the  whole  series  of  arms  and  metal 
DtenKils;  and,  finally,  scattered  around  the  dead,  the  remains  of  his 
ornaments;  innumerable  beads  for  necklaces,  of  paste,  of  precious 
itteoes,  or  of  gold;  rings;  bracelets — the  whole  of  life  transported  to 
tbe  tomb,  tbe  expression,  as  it  were,  of  the  identity  of  the  dead. 
All  this  yields  but  one  thought.    Tbe  continuation  of  life  in  the  tomb 
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Mi»T  II:  piajati  t^n  did  ma*. 
:>>»  ^:_>- 1  ofytC<J  tke  ■'■''■ri^  «f  dv '« 
v.n:-,^'.  1  L.r-*.--'T  »"_ii  i«fw  fcr^a.     Like  kZ i«Bl:sts.  tker  < 

a.  ei.-^-„  TiA  Vl  JrT.:--i»ia  l^tktd  Ae  niiiiTr«ilfcn  Id  cUmR' 
i:-.<u. -.i-rTi.  »  :*e^  o'.ii-strj'i'A  <rf  art,  di«rii<gni>Wwl  by  eertan  «■&>: 
.^ffc  Vf-.tz^.-^  Ti.^7  *<m  iudebted  to  aD  tfaor  ntigbbora  is  avn^ 
«„'.■:-  Tiito^  ai-:.  Ciu:df:an  vbea  in  contact  vitk  CliaUeaB,  beoor 
£^— :.r  >•■  £<ea.'  £g7[A  and  Greek  in  tbe  HeOenie  period.  The  Gntb 
'^-^^'.-.ti-.  d^rtved  tbe  nKjdtl*  lor  their  n>sterpieon  from  the  Ona: 
*c^  :':>rj-  tr^L-forToed  tbem  hj  a  new  idea.  The  PtHPniciana  dflfartn:' 
£r:'=-  >'-«;ii  ntodtU  onlj-  a^  an  interiHvter  Yaiiee  what  be  interpret. 
:b«7  f«.V[.;oti^  tbnn  in  their  ovn  image,  thereby  giving  then  aaonr- 
liir^  pe<,nlUr  t«>  theiiiselvei*.    They  were  great  animal  painters,  aba. 
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iNile.  Tiii'  atataettes  have  the  headdress,  oOBtames,  and  postnre 
mammies.  The  riags  and  scarabs  bear  Egyptian  scenes,  often 
y  ptiau  legends.  The  amalets,  wbicb  alternate  with  strands  of  pearls 
the  numeroas  paste  necklaces,  reproduce  subjects  familiar  in  Egypt; 
»  ocxlja,  the  sacred  eye  of  Osiris,  the  grot«sqae  stocky  flgare  of  the  god 
itafa,  aokbs  (crax  anssta),  small  tables  for  libations.  The  uraeas  on 
-.Iter  side  of  the  solar  disk  is  one  of  the  favorite  designs  of  necklace 
;iidant8  and  earrings,  and  flgares  in  the  head  gear  of  goddesses,  in 
ttich  it  forma  a  kind  of  high  crown,  recalling  the  tnrreted  crown  of 
area. 

Doubtless  many  of  the  amulets,  intaglios,  and  bibelots,  objects  which 
re  easily  carried  from  place  to  place,  and  ore  stopped  in  their  wander- 
agB  only  by  the  bimb,  were  actually  made  in  Egypt.  But  we  can  not 
xplain  as  a  foreign  importation  the  terra-cotta  pieces  and  the  gold  and 
.11  ver  jewelry  In  which  an  anmiatakable  imitation  of  Egypt  is  accom- 
.>aiiied  by  certain  characteristics  proving  tbem  of  home  make. 

These  characteristics  appear  in  certain  figurines  absolutely  Egyptian 
in  the  posture  of  the  body  and  in  the  disposition  and  details  of  the 
costume.  For  the  graceftd  forms  of  the  Egyptian  women,  so  pnre  of 
line  as  to  seem  scarcely  bomao,  more  massive,  less  apiritoal  bodies 
are  substituted.  The  head  is  never  Egyptian,  the  protruding  eyes  are 
singularly  expressive,  the  root  of  the  nose  thick,  the  lips  sensnal,  the 
chin  prominent.    The  artist  certainly  had  a  Carthaginian  model. 

Nowhere  does  this  mixture  of  imitation  and  sabjective,  realistic 
interpretation  appear  better  than  in  the  terracotta  masks  frequently 
found  in  Carthaginian  tombs,  one  of  the  art  forms  in  which  the  origi- 
nality of  the  Carthaginians  had  freest  play.  Curiously  enough,  these 
masks  have  holes  in  the  top  and  sometimes  in  the  sides  for  suspending 
them ;  yet  they  were  not  hanging  up  in  the  tombs,  but  laid  at  the  side 
of  the  dead.  Sor  were  they  meant  to  cover  the  face — they  were  too 
small. 

However  that  may  be,  the  resemblance  to  Egyptian  fnneral  masks 
is  striking.  Some  of  the  women's  masks  might  be  taken  for  masks  of 
mummies.  The  hair,  rolled  ap  in  iVont  over  a  bandeau,  falls  in  two 
fine  but  heavy  tresses  behind  the  ears,  which  are  inordinately  length- 
ened by  earrings,  and  spreads  out  on  the  chest.  But  the  conntenance, 
the  features,  the  form  of  the  face,  denote  another  inspiration — Greek 
rather  than  Egyptian.  The  whole  physiognomy  has  a  refinement  and 
a  Boftness  of  expression  which  make  of  the  masks  truly  subjective 
works  of  art  The  men  who  bought  these  beaatifol  Corinthian  vases 
and  shut  tbem  up  with  themselves  in  their  tombs  must  have  realized 
the  remoter  influences  at  work  on  this  art.  It  was  the  art  of  early 
Qreece,  the  half  Oriental  art  of  Homeric  times. 

Moreover,  the  masks  are  not  all  made  fh>m  the  same  model.  A  cer- 
tain coarse  of  deterioration  is  perceptible,  a  steady  diversion  from  the 
iigyptian  pattern.    On  some  of  them  the  tresses  are  replaced  by  small, 
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li-i.:!^  ~>ii.<L  m  -w-^  m  ata^MA  to  >  Carthaginua  atai':- 
excepCianal  pb« -- 
i  to  hare  bn: 
'  tbe  wMti'i 
7\.  -i.,-:.^   s— I^suzun  if  ^im  ftKwd  is  Ae  w«steni   bwa  rf 

T'lf  £r-:ic  ibs-aiiac^  "iiiwHiir  ig  lit  ihi  iwriMliiig  l>iit«mf  firp' 
-*~^  Tu-iu  =:ii:-  —  ■  f  — r  f-  Tttslmrkad  a  eood  8*ki.  Atac 
-v-iiia  ZLr-:  r  -tM-ouM  ue  irpe  oi  pvefeetiom  im  art  «nd  avViMatian.  r; 
ai^iri  uuniCi  a  'L.z^^.rz^ia  u  n  aake  JMililiim  Chinese  or  iafu^ 
1--^  -jt^  L<:  :ii  c  v:rk  i}r  export  maij.  aad  their  htnne  wt  vwi:'  i 
ji!^-»i  ^  -um-  ^.uw  -.:id-a*:ieaL  What  hac  happened  in  our  tuK^-- 
r»ic»ri  »  Ci-r-*  A^i  J^cAa  ia  a  feeble  akeasore  r^rodoee*  'i*  j 
u.;  c«ci*«i  K  C  ir:^:.^^^.  Tbe  izPttduttko  <tf  J^iaiiese  fignns.n*' 
ecz-nLT-j  •i.if'Hi  k.--.r:*s.  trauiiaeed  oa  to  an  art  which  nacted'^'^ 
carhizjn  ^^-i  m^  irttirkzivt  piinnng.  Egypt  was  not  nearly  sodw*^ 
tr.ai  f  »-t'-  -  *  A.-! ««  Are  ±t«i  tbe  Far  East;  it  had,  besides,  tbepWi" 
«i:ci«Twl  '-T  a.::*  »cJ  t.<  renneiMat  of  a  poverftil  cavilixatMn-  '■ 
i^T-iii-ei!  Car^A^  »:;  ai!  sides  aod  peoetnUed  eveiywhere.  E|7P^ 
dhris:nes  v«re  iL:rodD<^l  with  tbe  amnletBSold  atthegatesof  ttoi'^ 
ar.d  cec;eterieA.  aciL  when  the  Carthaginian  represented  woma  '^ 
gf>ddesa«a  with  Eg^-ptian  costnmeB  or  headdressee,  without  donbl  tlx^ 
merely  reproduced  what  they  saw  aboat  tiiem  daily. 

It  more  and  more  appears  that  this  somewhat  servile  imitBtin  > 
nature — mde.  yet  close,  biting,  and  somewhat  satiric — was  tbe  d»  | 
tioctive  trait  of  Carthaginian  art  The  mask  of  a  man,  tbeonl^is^'' 
its  kind,  is  a  striking  esamp]&  Tbe  oval,  bony  face  ia  enoiKl<^  ^ 
whiskers,  leaving  month  and  chin  onooTered;  the  proniiDeot  ihW 
well  as  the  ears,  are  pierced  with  a  gold  ring.  The  eyes  have  so  ow 
mocking  expression ;  they  are  painted  white,  the  eyeballs  and  ey*!"""^ 
black,    T"  "sply  curled  hair  meets  the  brow  in  a  straigM''''' 

from  ear  ^rever  the  skin  shows  it  is  highly  oolortd  ii> "'' 

Several  '  '  stones  of  exquisite  workmanship,  in  ^''^ 

Greek  in  ible,  present  tbe  sameQrpeof  manvitb'''^ 

cnTl8,8id  Qooth-sbaven  chin.  Whiskers  worn bjG'"' 

warriors  some  of  the  most  ancient  speoimensd'i^f^ 
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eramics,  bat  the  nose  ring,  the  nezem,  on  a  man — what  a  carioas  thing, 
rbat  a  nvelation  it  ia.  That  is  the  way  the  old  Carthaginian  sea 
volves  most  have  looked. 

There  are  other  masks  in  these  tombs;  not  portraits,  bat  veritable 
ginning  masks.  One  represents  an  old  man,  vith  smooth-shaven, 
K-iinkled  £ace,  the  nose  hooked,  the  bald  forehead  receding.  The  langb 
Chat  drawB  bis  features  makes  his  cheek  bones  prominent,  and  forma  a 
ilouble,  fannel-shaped  circle  of  folds  aboat  his  moath.  The  eyes  are 
represented  by  balls  shaped  like  reversed  crescents,  and  on  each  cheek 
bone  ie  a  slight  application  of  pastel.  Another  mask,  both  giotesqne 
and  sinister,  has  rarer  streogth  of  expression.  The  low,  narrow  fore- 
head bnlges  out;  the  cheek  bones  are  sharp  and  prominent;  the  nose, 
with  base  deeply  imbedded  in  the  cheeks,  follows  their  movements;  the 
eyes  are  made  by  two  large  holes  cat  tbroogh  the  thickness  of  the 
mask,  and  the  month,  whose  lips  form  a  bourrelet,  recalling  the  Qreek 
tn^c  mask,  by  another;  between  the  eyebrows  is  the  disk,  inclosed  in 
the  reversed  crescent,  and  tbe  whole  face,  with  its  irregnlar  features, 
changes  expression  with  the  angle  ander  which  it  is  seen. 

Tbe  Carthaginians  were  endowed  with  feeling  for  earicatare.  Beal- 
ism — that  is,  the  nonidealistic  reprodaction  of  natare — ^induced  a  height- 
ening of  her  grotesque  aspects,  an  exaggeration  of  all  her  featarea. 
This  bias  betrays  itself  everywhere  in  their  portraiture — on  their 
engraved  stones  and  on  their  stataettes.  They  liked  to  depict  man  in 
attitudes  lacking  the  nobility  of  Greek  fignres,  and  they  liked  to  depict 
monkeys. 

This  feeling  for  caricature  comes  out  even  in  their  divinities,  fat, 
stocky  dwarfs  with  lolling  tongnes,  sometimes  disgustingly  nude ;  those 
horned  devils'  heads,  and  those  monstrosities  made  np  of  parte  of  ani- 
mals dilfereut  in  nature  and  sex.  Their  Hercules,  the  prototype  of  the 
Greek  Hercules,  has  the  Greek  hero's  strength  and  otlier  attributes, 
bat  is  a  grotesque  dwarf,  who  straggles  with  cranes,  larger  than  bim* 
self,  and,  though  a  dwarf,  is  yet  terrible.  They  bad  a  perception  of  the 
contrasts  and  mockery  of  things  human,  and  were  the  first  to  represent 
their  tragic  and  terrible  aspect. 

Possibly  this  ia  tbe  most  original  side  of  their  art,  tbe  side  that 
obtruded  itself  on  the  people  with  whom  they  came  in  contact.  Cer- 
tain by  no  means  unimportant  gods  of  Egypt,  Bes,  Set,  Phtah,  as  a 
dwarf,  and  all  the  grotesque  and  malevolent  divinities  of  darkness  and 
evil,  iDtrodaced  at  an  early  period  into  tbe  Egyptian  Pantheon,  seem, 
if  not  directly  of  PlKenician  origin,  at  least  to  have  sprung  from  the 
ancient  fountainhead  of  civilization  whence  Ph<enicia  came  forth,  and 
of  which  she  has  in  a  measure  preserved  the  clatoic  type. 

This  explains  the  ooarse  idols,  the  fetiches,  the  stone  gods,  objects  of 
OarthaKiniau  fear  and  adoration.  In  the  necropolis  of  Donim^s  was 
ftnind  a  kind  of  hard,  blackish  pebblestone,  strange  to  the  environs  of 
Oortbage,  of  the  shape  of  a  flattened  sphere.    On  one  side  it  bears  rade 
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tracings,  larfte  rooncl  eyes,  a  aoee,  eare,  and  a  moath  fnordinatdTn-.  I 
whoee  straight  liD«  cat«  the  tower  part  of  the  fiice — the  grinoisf  be  I 
or  the  man  in  the  idood.    This  stone  is  certainly  a  btetylns;  Uutu. 
idol,  one  of  the  ^tonee  inhabited  and  twiinated  by  a  diviaitT.vbr  I 
vere  called  by  the  Greeks  stones  vitli  sools.    Compare  it  with  ih*  I 
beantifnl  Carthaginian  masks,  repreaeatiDg  the  head  of  a  godd«»'~ 
moantcd  by  a  crown  of  serpents,  pnre  of  line,  refined  and  digiuAed.i: 
the  contrast  fairly  grates  on  one.    On  the  one  hand,  Greek  artVi- 
noblest  broaght  to  bear  on  an  Oriuital  conception ;  on  the  other,  mr*- 
ness  and  barbarity.     However,  this  bead  has  a  certain  amooii  ~: 
expression,  sod  the  same  expression  is  foand  on  a  similar  stone  bevi:: 
a  my8l«rioas  inscription  on  thereverse  side.    It  is  ftHind,  also,  ooocta^ 
eggs  with  hnman  features  ooarsdy  painted  in  blue,  red,  and  bbi 
One  realizes  that  this  god  devoared  children. 

The  jewelry  and  the  articles  in  precioos  metals  help  to  complelftk 
pictareof  this  strange  civilization,  a  cnrions  mixture  of  reflnetneDtiEi 
barbarity,  thoroughly  impregnated  with  Oriental  ideas,  of  wbicb  (fc 
escaTstions  at  Carthage  disclose  new  manifestations  every  day.  Th 
jeweler's  art  does  not  pretend  to  embody  a  high  conception  of  the  idnL 
Jewels  are  the  nccessoriee  and  natarsl  complements  of  bewity;  ^ 
are  often  snbstitnted  for  It  among  peoples  who  rate  richnesB  of  fflt 
above  beauty  of  feature  and  purity  of  line.  To  judge  by  tJieirT»h«i 
their  iterfection,  and  the  place  they  hold  in  these  sepolcb^^  tbeystK 
to  have  been  one  of  the  favorite  forma  of  art  among  tbe  CartJugintiu^: 
yet  even  they  show  this  mixture  of  borrowed  and  native  art  Ti)^ 
are  scarabs,  amulets,  fh^gments  of  purely  Egyptian  necklaces,  slui^ 
with  pieces  of  jewelry  in  which,  by  the  side  of  an  inspiratioi]  frw 
foreign  sources,  the  native  skill  of  the  OartAaginJans  in  soeh  "«t 
asserts  itself. 

The  Pbcenicians  were  always  marreloas  wfwkera  in  metal  ^^ 
Solomon  wanted  to  decorate  the  temple  of  Jerusalem  and  bit)  palM«  ^ 
requested  the  King  of  Tyre  to  MDd  him  artists.  It  is  probable  tbn 
tbe  Jewelers  of  Sidon  played  the  same  rdle  in  Greece.  M.  ^ariUelX' 
recently  shown  that  they  practiced  their  art  as  far  as  Egypt>  ^l*" 
events,  the  )>roducts  of  their  industry  flooded  the  markets  of  tbeOc- 
dent,  where  they  took  women  in  exchange  for  their  gold  necklaces,  tbo' 
bracelets,  and.  above  all,  their  bronze  and  silver  cops  in  reponssr,  da^- 
rattnl  in  long  circular  designs  with  scenes  from  the  ehaee,  prooetaoii 
of  wild  or  domestic  animals,  contests  between  gods  and  ftat*^ 
beasts — a  rt^snm^  of  tbe  religions  conceptions  wbiob  devekqied  intDilK 
mythology  of  the  Greeks. 

The  cupfl  tliat  are  fonnd  in  Greece,  the  Isle  of  Gypms.  and  evsn  l<*'r 
havr  *u  discovered  in  Carthage.    The  soil  has  not  tbe  w^J 

dry  which  preserves  relics  buried  in  it ;  nw  has  it  l"" 

ove  tam  of  cinders  such  as  at  Pompw  eosfaionds  >» 

l>et  lixation  in  its  perfection.    The  oedar  vood  *^ 
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covBred  the  dead  or  formed  the  ceiling  of  tbeir  tomha  bae  Mleii  to 
dast,  sod  only  the  handles  by  vhich  they  were  lowered  on  their  fiineral 
concbes  remain. 

Even  bronze  and  silver  have  been  oonsamed  by  rnst,  yet  theee  metals 
must  have  held  a  large  place  iotbeeqaipmentof  the  tombs.  Thereare 
retnaioa  of  weapons — small  hatchets,  spear  heads,  cntlasses,  hooks, 
shovels,  and  tongs;  also,  thick  copper  cymbals,  bells,  mirrors,  and, 
above  all,  beantifnl  bronze  vinochoes,  wbich,  being  more  massire,  have 
resistecl  better.  One  of  them,  entirely  of  gilded  bronze  and  of  rare 
elegance  of  form,  is  provided  with  a  handle  rising  in  a  gracefol  cnrve 
over  the  neck.  The  Jonotion  of  neck  and  handle  is  made  by  a  square 
piece,  Ihim  which  the  head  of  a  calf,  Hnrmoanted  by  disk  and  uneas, 
stands  ont  in  relief.  On  others  the  handle,  artistically  wronght,  has, 
at  the  points  of  attachment  a  beardless  head  above  and  below  a  bearded 
head  with  the  featnres  of  a  Bilenns. 

Gold  alone  has  not  been  attacked  by  time.  It  has  re«st«d  even  the 
wear  of  the  waves  of  the  sea.  The  coast  of  Oartbage,  on  a  level  with 
the  promontory  of  Bordj  Djedid,i8  veritable  gold-bearing  sand,  mised 
with  which  are  found,  now  small  grains  of  gold,  now  links,  rings,  and 
other  minor  objects.  As  M.  Oanckler  has  demonstrated,  the  preeenoe 
of  tbis  gold  is  dne  to  the  collapse  of  the  caves  of  the  necropolis  sunk 
in  the  cliff. 

Only  Etmscan  jewels  or  the  art  of  a  Oastellani  can  give  an  idea  of 
the  method  by  wbich  Gartbaginians  worked  the  gold  and  produced 
jewels  whose  delicacy  still  charms.  These  bits  of  necklaces,  tbese 
pendents  and  earrings,  are  made  by  placing  tiny  balls  of  gold  close  to 
each  other  to  form  links,  beads,  and  cubes.  The  delicacy  of  effect 
obtained  by  the  application  of  this  milled  work  to  massive  gold  can 
not  be  described.  Tbe  earrings,  especially,  are  small  masterpieces  of 
jewelry.  Sometimes  they  end  in  long  gold  beads;  sometimes  they  are 
shaped  like  lanterns,  with  a  pyramid  of  gold  grains  rising  in  tbe  middle. 
These  jewels  are  not  peculiar  to  the  necropolis  of  Bordj  Djedid.  Tbe 
most  beantifnl,  possibly,  camefh>m  tbe  more  ancient  tombs.  In  one  of 
tbe  latter  M.  Oanckler  qnite  recently  discovered  a  body  wearing  a  gold 
finger  ring  with  four  baboons  engraved  on  the  chaton,  in  the  left  ear  an 
earring  with  the  symbol  of  Tanit,  aronnd  the  tieck  a  large  necklace  of 
massive  gold,  composed  of  40  pieces  of  varioas  shapes  symmetrically 
disposed  on  either  side  of  a  central  brooch,  wbich  consists  of  a  turquoise 
crescent  falling  over  a  hyacinth  disk.  Another  necklace  of  silver  com- 
pleted the  adornments. 

A  curious  terra-cotta  statnette  enables  us  to  nnderstand  how  these 
jewels  were  worn.  It  represents  a  goddess  seated,  her  mantle  wound 
about  her  bust  in  the  shape  of  a  disk.  The  headdress  is  high  and 
decorated  with  a  triple  row  of  roses,  disks,  and  lanrel  leaves;  long 
shell-shaped  earrings  hang  to  the  bottom  of  the  cheeks.  Three  ample 
necklaces  drop  over  the  breast  and  entirely  covet  it.    The  ttrst,  which 
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olaaps  the  neck,  is  composed  of  beads;  the  seooDd,  spread  mit  Uke  t 
&n,  of  pieces  as  large  as  olives;  the  third,  of  still  larger  disks.  Hug 
mnM  have  been  a  typical  costnme,  for  it  reappears  on  several  oeariy 
idcDtical  statuettes.  On  one  found  at  Tbarros  the  breast  of  the  godden 
is  entirely  covered  with  six  rows  of  jewels,  each  with  a  difierent  motiTe. 
So  little  by  little  the  tomb  givea  up  all  the  tokens  of  a  oiTilisatioD 
which  caused  the  fortune  of  Bonie  to  tremble  in  the  balance,  and  whicii 
has  leil  a  name  in  history  fat  the  brillianc;  of  its  wealth  and  for  iu 
determined  energy  in  seeking  to  control  the  markets  of  the  ancint 
world. 

ni. 

The  silence  concerning  the  names  of  those  buried  in  the  tombs  is  sor 
prising.  In  Egypt  the  chambers  of  the  hypofreaand  the  pyramids  an 
covered  with  inscriptions  ranged  along  the  walls.  The  Q-reeks  and 
Komans  inscribed  the  name  and  title  of  the  dead  on  slates  to  keep  their 
memories  alive.  Here  there  is  nothing  of  the  kind.  Oftenest  the  sepol- 
chral  chamber  and  even  the  saroopfaague  bear  no  mentioD  of  him  who 
is  buried  there.  On  some  rare  mortuary  plaques  appeu^  the  dry 
legend,  "  Tomb  of  sach  a  one,  son  of  such  a  one,"  and  that  is  all.  Kot 
one  has  yet  been  found  in  place.  The  inscriptions  multiply  only  as 
cremation  is  resorted  to.  Then  funeral  urns  begin  to  be  covered  witb 
legends,  printed  in  ink,  most  frequently  with  the  name  of  those  whose 
ashes  they  contain. 

It  seems,  however,  that  the  silence  is  breaking;  the  very  tombs  an 
beginning  to  speak.  Recall  that  little  gold  medallion  fonnd  in  one  of 
the  most  ancient  tombs  of  Carthage,  with  a  dedication  to  Astarte- 
Pygmalion,  followed  by  the  owner's  name:  "To  Astarte-Pygmalton, 
ladamelek,  son  of  Paddai.  Pygmalion  protects  whom  he  protects." 
Is  it  not  interesting  to  find  the  name  Pygmalion,  brotber-in-law  of 
Dido,  who  plays  so  great  a  role  in  the  history  of  the  foundation  of 
Carthage,  associated  in  this  ancient  tomb  with  Astartet 

At  the  end  of  last  year  Pi>re  Delattre  made  a  discovery  in  the  necrop- 
olis of  Bord)  Djedid,  which  suffers  no  dimiontion  in  interest  throngh 
pertaining  to  less  ancient  times.  In  dearing  out  a  shaft  sunk  verti- 
cally into  the  ground  to  a  depth  of  14  meters  he  reached  a  mortoaty 
chamber.  Here,  in  the  mid»t  of  an  obstructing  mass  of  debris,  be 
fonnd  beside  chests  containing  skeletons  and  the  osual  funeral  acces- 
sories, first,  four  little  stone  sarcophagi,  lW>m  40  to  50  centimeten< 
long,  inclosing  oply  calcined  bones;  then  in  a  comer  to  the  left  of  tim 
chamber,  under  the  ceiling,  another  sarcophagus  of  the  same  dimen- 
sions, but  bearing  oti  its  lid  the  full-length  portrait  of  the  dead, 
engraved  on  a  block  cut  out  in  relief  in  the  thickness  of  the  lid  to 
reproduce  the  contoars  of  the  body. 

The  body  lies  extended  to  its  full  length,  like  the  figores  on  the  flat 
Vtmbstoues  of  the  Middle  Ages.    It  is  an  old  man  with  a  long  beard 
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and  bard  features,  liis  Torebead  bare,  bis  api>er  lij)  atrougly  curved,  his 
turbaned  head  lying  on  two  cQBhiona  with  tassels.  His  right  band  is 
lifted  in  sign  of  adoration;  his  left  holds  a  scent  box.  On  his  breast  be 
'wears  a  breastplate  of  the  shape  of  a  Maltese  cross,  its  points  extending 
to  the  sboolders.  A  band  reaching  from  the  right  shoulder  to  the  hem 
and,  widening  from  the  sbonlder  on,  makes  a  brocade  on  the  robe,  which 
laps  over  the  feet  in  large  folds.  On  the  vertical  edge  of  the  lid  behind 
the  head  is  the  legend,  in  beaotifiil  Phoenician  characters,  "Abdmelqart, 
the  Bab." 

Another  funeral  chamber  at  the  bottom  of  the  shaft  contained  a  second 
sarcophagus  with  a  human  figure  of  the  same  dimensions,  less  archaic 
in  style,  possibly,  yet  wonderfully  lifelike.  The  pose  is  the  same,  but 
the  body,  instead  of  being  engraved,  is  sculptored  in  high  relief  on  the 
cover,  like  the  knights  and  ladies  on  their  stone  cofl&ns.  The  expression 
is  calm  and  collected;  the  hair  and  beard  are  carefully  curled.  The 
sculptor's  work,  somewhat  weak  and  betokening  no  great  antiquity,  is 
so  finely  done  that  all  the  details  of  the  costume  can  be  studied.  A 
large  baud,  a  sort  of  cap,  caught  at  the  shoulder  by  a  clasp,  falls  to  the 
middle  of  the  leg.  As  in  the  other  sarcophagus,  the  right  hand  is  lifted 
and  the  left  holds  a  scent  box  on  a  level  with  the  breast 

Contact  with  these  great  dead,  who  possibly  played  a  rAle  in  the 
struggles  of  Carthage  with  the  Romans,  is  deeply  impressive,  and  one 
is  tempted  to  question  them.  Who  were  they  1  Were  they  all  of  equal 
dignityT  What  office  was  denoted  by  that  title  Bab,  which  signifies 
"prince"  or  "grandeef  Doubtless  it  meant  members  of  one  of  the 
grand  councils  of  Carthage,  one  of  the  principes  mentioned  after  the 
suffetes  on  inscriptions.  The  dedication  of  the  temple  of  Astarte  and 
Tanit,  found  at  nearly  the  same  time  on  the  top  of  the  cliff  overlooking 
the  necropolis  of  Bori^  Djedtd,  mentions  on  the  list  of  epouymic  mag- 
istrates, between  the  suffetos  and  the  high  priest,  the  same  personages 
with  the  same  titles.  And  who  knows  but  what  the  soil  of  Carthage 
may  some  day  yield  a  list  of  the  Bab,  or,  indeed,  of  the  suffetes — a  list 
which  would  do  for  Carthaginian  history  what  the  discovery  of  the 
OoDsalar  Fastes  has  done  for  Boman  historyT 

Meanwhile  every  day  adds  to  our  knowledge,  or,  rather,  diminishes 
our  igDOrance,  and  every  day  we  are  permitted  to  penetrate  deeper 
iDto  this  life  beyond  the  tomb,  the  continuation  of  terrestrial  existence. 
Some  few  weeks  ago  U.  Ganckler  discovered  near  a  shaft  one  of  the 
^LDtkU  lead  leaves  rolled  up,  which  were  slipped  into  the  tomb,  and  bore 
imprecations  to  restrain  certain  spirits  or  conciliate  them;  only  the 
inscription  was  not  Greek  or  Latin,  like  that  of  all  hitherto  known,  but 
iu  Phcenician  characters.  Thus  beliefs  supposed  to  have  been  peculiar 
to  Egypt  or  Greece  turn  out  to  have  been  Carthaginian  as  well. 

Another  inscription,  the  latest  discovered,  of  which  Perfe  Belattre 
has  JQBt  sent  a  photograph,  will  possibly  furnish  some  light  on  tbia 
point,  when  entirely  deciphered.    It  is  a  fimeral  insi^ptioii  of  rare 


Goo»^lc 


614  THB   EXCAYATIOHB  OF  CABTHAOE. 

interast,  in  which  the  sathor  tnces  his  genealogy  back  to  tiie  tentk 
or  eighth  geoeradoii.  The  genealogy  is  acoompanied  by  honwv 
titles,  of  vboee  import  «e  have  as  yet  only  a  faint  idea.  After  giTu; 
his  descent,  the  Carthaginian  at  great  length  commends  the  mtHuaiK: 
that  he  has  erected  and  possibly  his  titles  also  to  the  &vor  of  the  pii*. 
and  appears  to  invoke  the  benediction  of  the  ann  god  on  his  mnu 


At  aD  events,  it  is  not  a  slab  for  merely  identaQring  the  dead,  bni  i 
monnmental  inacriptioii  ioteoded  for  an  edifice  over  the  tomb.  It  seem. 
then,  that  the  necropolises  vhuse  txaces  we  seek  undergToand  «» 
covered,  according  to  a  frequent  usage  among  Oriental  peopled,  *iil 
monuments  which  kept  a  place  for  the  dead  among  the  living.  Cp 
heavals — the  law  of  history — have  swept  these  monaments  awsT,  hir 
(HM  inscription  baa  been  left  as  proof  of  their  existence.  Othere  ^ 
be  fonnd ;  the  discoveries  that  have  sacoeeded  eftch  other  for  son 
years  withont  intermption  in  t^e  domain  of  Cartbaginian  antiqiiit; 
permit  na  to  hope  for  more. 

We  mast  not  shot  oar  eyes  to  the  &ct  that  we  are  witnesses  of  u 
event  of  greater  archseologio  interest  than  any  that  has  taken  ji»c 
f<H-some  time.  It  is  the  beginning  of  the  resarrectioo  of  Csrthi^ 
If  for  uo  other  reason  than  this,  we  onght  to  oongratalate  oorselrei 
upon  the  conquest  that  baa  pnt  Tunis  into  oar  hands,  and  gave  s  po<' 
erful  stimulus  to  research  by  handing  this  historic  gronnd  ovtt '« 
science  as  a  field  for  exploration,  sach  as,  comparatively  speskuE. 
Egypt  was  at  the  beginniDg  of  the  century.  The  minister  of  pnblK 
instruction  thoroaghly  realized  its  importance  when  he  instituUa  w 
2iorth  African  commission.  It  InstigateB  disooveriea  and  oeatn^ 
them;  serves  as  a  bond  between  the  direction  of  the  Acad^mie  a» 
Antiquitt-s  in  Tnnis  and  the  officers  of  oar  topographical  aarreyW' 
the  scholars  to  whom  it  intrusts  missions,  and  effectively  coordio>t(^ 
all  these  efibrts  in  a  way  beginning  to  show  good  reaalts. 

Every  civilization  depends  on  those  that  have  preceded  it  It  P<i>' 
to  good  use  the  lessons  of  things.  The  sites  of  towns,  ports,  n»d^ 
the  administration  of  water  ways,  the  customs  of  the  first  cnltivatoraoi 
land,  the  laws  that  governed  their  development,  are  so  many  signbo*^ 
for  later  occupants.  The  knowledge  of  Cartbaginian  civiliwti'"' *" 
of  times  preceding  it  is  necessary  to  understand  t^e  developnif^' 
Roman  colonization.  It  even  explains  for  as  to-day  certain  predominw' 
traitsofthat  mixture  of  peoples  unified  by  Islam.  In  thiBStadyiiO" 
iogcanbe  neglectt  >parently  valueless  sudden  J 

assume  ansaspec'  not  speak  of  the  pleWD« 

experienced  by  tl  n  he  questions  ancient  tlin«i 

reconstructs  what  e  genesis  of  nations,  diBCoTf 

points  of  contact  9  all  appearance  widely  se^ 

rated,  and  explain  at,  thereby  folly  naUang  ^ 

bond  that  unites  a 
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A  PROBABLE  HETBOD. 


By  J.  Blpbeth  Watkihs,  0.  E. 

Curator  of  Tackuologp,  Uniltd  Slatei  yalianal  iluieiimi. 


The  ability  displ^vd  by  the  ancients  la  traneportitig  beary  objects 
&VID  place  to  place,  and  iu  raising  tliem  many  feet  above  the  sarface  of 
tbe  groand  iu  the  constraction  of  temples,  palaces,  and  pyramidB,  has 
long  been  a  source  of  wonder.  It  may,  indeed,  be  trnly  said  that  the 
engineers  of  the  present  era  woold  And  it  dlfBcult  to  perform  similar 
ff  ate,  even  when  aided  by  the  mostimproved  appliances  devised  through 
the  iogennity  developed  in  this  inventive  age. 

So  impressed  with  amazement  at  the  achievements  of  the  andent 
architects  have  trained  archaeologists  become  that  not  infrequently  the 
opiuioQ  is  expressed  that  these  men,  whose  work  has  withstood  the 
ravages  of  scores  of  centories,  must  have  been  aided  by  well-devised 
machines,  possibly  operated  by  one  or  more  of  the  generated  forces. 

Notwithstanding  these  conjectmes,  in  the  many  careful  and  thorough 
explorations  made  iu  late  years  the  remains  of  no  hoisting  machine 
have  thus  far  been  discovered,  nor  has  there  been  fonud,  either  in  the 
Assy ro- Babylonian  cnneiform  inscriptious  or  in  tbe  Egyptian  hiero- 
glyphics, an  accoant  or  description  of  the  processes  employed  by  the 
aucients  in  lifting  heavy  masses  to  extraordinary  heights.  In  fact,  no 
equivalents  for  the  words  "derrick,"  "pulley,"  "winch,"  etc.,  have  yet 
beeu  identified  in  these  ancient  records  to  enconrage  the  belief  in  a 
Beacnlo  sapieuti. 

It  is  the  purpose  of  this  paper  to  explain  how  many  of  the  edifices  now 
regarded  as  remarkable  conld  have  been  constructed  by  primitive  tools 
aud  simple  methods.  Bight  years  ago,  while  the  writer  was  making 
tbe  investigations  which  led  to  the  publication  of  a  paper  entitled 
"The  beginnings  of  engineering,"  presented  before  tbe  American 
Society  of  Civil  Engineers,  access  was  had  to  many  drawings  and 
photographs  of  ancient  moral  paintings  and  carvings  in  relief  in  the 
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■o  the  geueral  level  of  the  soil.  Here  was  a  clae  to  a  very  simple 
»xplauation  of  wbat  bad  often  puzzled  me — bow  tbe  prehistoric  x>eople 
withont  tools  could  have  raised  such  heavy  weights  as  the  roofiug  slaba 
of  the  dolmens  to  the  poBitious  in  which  we  find  them.  It  waa  evident 
that  cords  and  rollers,  with  a  snfiicient  number  of  sturdy  savages, 
^onld  have  been  amply  Bufflcient  for  tbe  purpose  in  the  case  betbre 
me.  The  thorough  manner  in  which  the  clay  of  the  inclined  plane  had 
lieeo  couBolidated  was  evident  when  it  was  considered  that  the  denu- 
datioD  of  it  by  the  elements  during  unknown  ceuturies  had  been  insuf- 
ficient to  noticeably  reduce  its  level  or  conceal  its  evident  porpose." 

The  construction  of  the  Egyptian  pyramids,  for  centuries  a  matter 
of  wonder,  could  have  been  performed  by  similar  methods.     Let  us 
suppose  that  each  of  the  stone  blocks  used  had  a  rectangular  base, 
being  half  as  thick  as  wide,  and  that  they  were  moved  from  the  quany 
to  the  pyramid  in  the  direction  indicated  by  the  arrow  in  figure  1,  block 
No.  1  being  first  placed  on  rollers  and  moved  into  position.    The  stone 
blocks  numbered  2,  3,  4,  and  5  could  then  have  been  transported  along 
the  sur&ce  of  tbe  ground  in  the  same  manner,  and  bo  conld  the  other 
atonoB  in  the  same  tier,  vhioh  are  not  shown  in  this  view.    An  embank- 
ment at  a  20  or  30  per  cent  grade  (see  eection  A)  could  then  have  been 
constmoted   by 
carrying    eartit 
from     pits    be- 
yond   the   con- 
tinuation of  the 
boundary  lines 
of  tbe  base  of 
the  pyramid. 

Over    the  snr-  '*'^- 

flaceof  this  plane,  extended  toward  the  quarry,  the  second  tier  of  stonea, 
of  which  blocks  nnmbered  G,  7,  H,  and  1^  are  visible,  conld  then  have 
been  put  in  place;  embankment  B  could  then  have  been  constructed, 
blocks  numbered  10,  II,  12,  and  those  behind  them  being  put  in  place; 
and  so  on,  by  the  aid  of  tbe  additions  to  the  embankments,  C,  D,  and 
E,  l^e  remaining  stones  could  have  been  pot  in  position. 

When  the  pyramid  was  complete  the  earth  could  have  been  removed 
from  in  front  of  it,  the  pits  filled  np,  restoring  the  original  condition  of 
the  surface  of  the  ground,  leaving  no  hint  to  gratify  the  explorer  forty 
centuries  after  the  work  was  done. 

Let  US  see  what  labor  this  method  would  have  involved  in  the  con- 
struction of  the  pyramid  of  Gizeh,  tbe  largest  of  its  kind,  which  is 
approximately  150  yards  high  and  250  yards  square  at  the  base.  As 
is  well  known,  in  building  this  pyramid,  which  is  located  3  miles  south 
of  Oairo,  two  kinds  of  stone  were  used — limestone  and  red  granite.  The 
limestone  was  qaarried  at  £1  Massarah,  45  or  50  miles  from  Gizeh,  while 
the  red  granite  was  brought  from  Assouan,  near  the  first  Cataract-, 
over  600  miles.    Both  of  these  quarries  were  located  on  the  Biver  Nile. 
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In  th«  foreKToand  of  th«  illnatiatioo  (  PI.  Ill)  an  tu  be  '^ 
ladeti  iriCh  atone  bloek>«,  broagbt  firom  tbie  qnarriea.  I'pon  tbr 
embankment  bliickH  are  being  dntwa  on  sletl^es,  periiaps  eqnippi 
rollent,  to  the  highest  pmnt  to  which  tbe  stz-uctore  haa  been  bn 
iDClined  plane  being  gradnally  made  longer  aod  higher  wix:. 
bmnght  from  the  pits  on  tbe  right  and  left.  The  highest  embaa 
ueoessary  when  tbe  workmen  reached  tfa«  top  coarse,  aawamingth 
per  <:ent  grade  wa«  adopted,  wotUd  hare  been  7oO  yards  JoDg,  >!<' 
ing  aboat  7,500,000  uabic  yards,  if  the  sides  of  the  earth  embani 
«oiild  stand  at  ao  angle  of  30  d^rees,  wbich  ib  not  at  all  imprv 

Asaomiog  that  one  laborer  conld  have  plaeed  2^  ysrda  iab>i 
barrow  loads)  of  earth  on  an  average  each  day  on  this  mnhaitti 
10,000  men  conld  hare  boilt  it  in  twelve  months  af  tw^ity-five  wo< 
days.  It  is  stated  that  100,000  men  were  employed  Am*  Cwenl^ya 
the  whole  work,  so  that,  according  to  tids  tsalcniMtiori,  the  eoostrnt 
of  this  embankment  would  have  occapied  only  »  amsU  pfxtioa  or 
total  time  consumed. 

Tbe  falne  work  to  support  tbe  walla  of  tbe  into^or  eiuanb&s  of 
pyramitls  conld  also  have  been  made  of  eartb  rstiier  tbrnn  of  timber. 
Blioald  be  remembered  that  heavy  lumber  for  scafiblding  mitst  b^ 
been  broagbt  over  long  diataocos  and  that  the  Graining  and  emctii'i^ 
any  strnctare  of  sufficient  strength  to  bear  heavy  weights  wooirf  lu 
re«(iiired  more  skill  and  knowledge  than  the  biUJding  of  tiie  pyraiE.' 
itself  by  the  method  above  described. 

In  th£  great  temple  of  Barneses  II  is  to  be  fonnd  a  ooUosaal  statw  t^ 
that  king,  which  ecinals  iu  dimensions  and  exceeds  in  weight  say  ot^ 
Egyptian  monolith,  being  60  feet  high  and  weighing  887  tonsS^bnB 
dredweigbt.  It  was  made  from  a  single  block  of  red  grwiite  broogii 
from  the  ijnarries  at  Assouan,  135  miles  distant,  by  tbe  River  Nik. 

At  Baalbec,  Syria,  are  to  be  fonnd  the  ruins  of  three  temple^  ooet^ 
which  has  been  given  the  name  of  Trilithon,  "Tliroe-Htonetemifc 
from  the  extraordinary  proportions  of  three  of  the  stone  btockefiw*' 
in  it,  each  being  over  63  feet  in  length,  13  feet  in  height,  and  propM- 
tionately  thick.  These  stones  now  rest  in  a  wall  over  'JO  feet  aiborelif  ^ 
present  surface  of  the  ground. 

In  tbe  solution  of  the  problem  of  putting  similar  huge  blocks  in  pi**    i 
at  tbe  pretieut  day  the  utilization  of  incliDed  planes  of  eartbiotbe     | 
manner  just  described  might  well  becousidered  by  the  modem  enii'W' 
before  adopting  a  more  complex  method.    In  fact,  since  tbe  vanoin 
details  of  this  method  of  constrnction  have  suggested  themselveet  f'" 
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over  tbe  openings  nf  stractares  designed  in  itccordance  with  tlie  types 
of  ancient  arctaitectare,  in  which  the  arch,  with  a  keystone,  was  lacking, 
B8i>ecia)lf  was  this  trne  in  an  era  when  the  valne  of  time  was  not 
cousidered,  and  ulaves  were  to  be  obtained  by  thoosaude,  at  smalt  cost, 
to  toil  and  sweat  to  gratify  the  ambition  and  perpetuate  the  fame  of 
kings. 

Happily  for  onr  r&ce  and  time,  the  crack  of  the  Egyptian  alave  mas- 
ter's 'Whip  and  the  weird  cries  in  cadence  of  the  battalions  of  swarthy 
laborers,  while  togging  in  unison  to  draw  or  hoist  the  monolith,  has 
f(iven  place  to  the  pnfflng  engine  and  the  nimblfi  of  revolving  wheels; 
but,  mayhap,  in  the  years  to  come,  the  engineering  methods  in  vogne 
at  the  end  of  this  eventful  century  will  seem  almost  as  crude  to  those 
who  will  practice  in  the  new  fields  of  applied  science  on  the  borders  of 
which  we  seem  to  stand  as  these  primitive  methods  of  the  ancients  now 
appear  to  as.  Whether  the  anticipations  for  the  fatnre  shall  be  real- 
ized or  not,  and  proud  as  we  may  be  of  the  advances  made  by  discov- 
ery and  invention  in  our  age,  we  must  not  forget  that  the  patient  per- 
severance of  the  engineers  of  antiquity,  wbo,  by  brawn  and  muscle,  and 
Tuaided  by  mechanism,  bnilt  wiser  than  they  knew,  have  been  rewarded 
by  the  preservation  of  an  indelible  record  of  their  achievements  in  the 
mateiial  remains  of  their  edifices  that  have  withstood  the  ravages  of 
centuries.  Will  fate  so  favor' the  engineer  of  the  nineteenth  century, 
versed  in  the  laws  of  modem  science,  and  skilled  in  the  practice  of  the 
mechanic  artsT 

PosTSOBiPT, — Since  this  paper  was  pulilished  in  Cassier's  Magazine, 
there  appeared  in  L'lllnstratiou,  Paris,  for  the  first  time,  an  illustrated 
account  of  the  restoration  In  1895-1898  of  the  Temple  of  Eamak,  the 
original  coustraction  of  which  was  begun  by  Usertsen  I  in  the  twenty- 
fifth  century  B.  C,  being  added  to  by  Tbothmes  III,  1600  B.  C,  and 
again  by  Bameses  III,  1200  B.  0. 

In  the  work  connected  with  this  valuable  archieological  undertaking, 
a  Frenchman,  H.  M.  G.  Legrain,  ander  whose  direction  the  restoration 
was  carried  on,  employed  at  one  time  over  700  Fellahs.  The  methods 
adopted  to  replace  the  huge  carved  blocks  of  stone  are  thus  described 
in  L'lUustratioD,  January,  1899: 

Bf  mooDs  of  filling  in  and  an  iDclioed  plaue  M.  Legrain  aucueeded  in  towering, 
pirc«  by  piece,  ita  arohitravea  of  a  weight  of  57,200  pounds,  sod  its  capital  and  its 
tambonrs  of  22,000  and  9,900  poQDds. 

It  iH  a  oarioDS  fact  that  the  Fellaha  merely  began  again  exactly  what  their  fathers 
had  done  in  ordei  to  orown  with  sooceag  the  work  to  be  accomplished.  Id  looking 
■t  these  inclined  planes  and  at  the  laborers  bent  under  baskets  of  earth,  we  find 
onrselvea  carried  back  several  thonsond  years,  since  we  have  seen  the  saiDB  picture 
■cnlptnred  upon  the  walls  of  the  edifices  in  commenulTation  of  theii  conatmction. 
Titete  is  biit  one  thing  wanting  in  the  modem  picture,  and  we  have  not  to  regret  it, 
SDd  that  is  the  man  with  the  lash,  the  taskmaster  of  the  force  of  lalMfers  of  wliat 
WM,  of  old,  the  land  of  the  PharMoba. 
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THE    PAST   PBOGKESS  AND   PBESEKT   POSITION  OP  THE 

ANTHROPOLOGICAL  SCIENCES.' 


By  E.  W.  Beabrook. 


I  am  very  sensible  of  the  honor  of  preaiding  over  this  section  at  a 
Bristol  meeting.  Bristol,  rrom  its  association  with  the  memory  of 
J.  C.  Frichard,  may  be  regarded  as  the  very  birthplace  of  BritiBb 
anthropology. 

In  snbmitting  to  this  section  some  observations  on  the  past  progress 
and. the  present  position  of  the  anthropological  sciences  I  ase  the 
plural  term,  which  is  generally  adopted  by  our  French  colleagaes,  in 
order  to  remind  yon  that  anthropology  is  in  foct  a  group  of  sciences. 
There  is  what  in  France  is  called  pure  anthropology  or  anthropology 
proper,  but  which  we  prefer  to  call  physical  anthropology — the  science 
of  the  physical  characters  of  man,  including  anthropometry  and  crani- 
ology,  and  mainly  based  upon  anatomy  and  physiology.  There  is  com- 
parative anthropology,  which  deals  with  the  zoological  position  of  man- 
kind. There  is  prehistoric  archaeology,  which  covers  a  wide  range  of 
inquiry  into  man's  early  works,  and  has  to  seek  the  aid  of  the  geolo- 
gist and  the  metallurgist.  There  is  psychology,  which  comprehends 
the  whole  operations  of  his  mental  faculties.  There  is  linguistics, 
which  traces  the  history  of  human  language.  There  is  folklore,  which 
investigates  m»n's  traditions,  customs,  aud  beliefs.  There  are  ethnog- 
raphy, which  describes  the  races  of  mankind,  and  ethnology,  which 
differentiates  between  them,  both  closely  connected  with  geographical 
acience.  There  is  sociology,  which  applies  the  learning  accumulated 
in  all  the  other  branches  of  anthropology  to  man's  relation  to  his  fel- 
lows, and  requires  the  cooperation  of  the  statistician  and  the  econo- 
mist. How  can  any  single  person  master  in  its  entirety  a  gronp  of 
wicuces  which  covers  so  wide  a  field,  and  requires  in  its  students  such 
various  faculties  and  qnaliflcations  t  Here,  if  anywhere,  we  mast  be 
content  to  divide  oar  labors.  The  grandeur  and  comprehensivenesa  of 
the  subject  are  among  its  attractions.    The  old  saying,  "  I  am  a  man, 

lOpeniDg  (MliliMS  by  E.  W.  Brabrook,  C.  B.,  F.  S.  A.,  preaident  of  the  section  of 
Utbiopologf .    From  Report  of  tbe   BritiBb  AssooiatioD  for  the  AdvancMiient  of 

SeifiDce,  189S,pp.  999-lOia 
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aod  therefore  I  think  Dothing  baman  to  be  foreign  to  i 

the  gronnd  apon  which  the  uithropologica]  sciences  claim  frooi  v  i 

special  attention. 

I  may  illnstrate  what  I  have  said  as  to  the  T^ried  eDdowioeDta  rf 
antbropologints  by  a  reference  to  the  names  of  foar  distJDgaiahed  nei 
who  have  iiccnpied  ia  previoas  years  the  plaoe  which  it  fklls  to  ray  lu 
to  fill  to-day — moet  unworthily,  as  I  can  Dot  bat  acknowledge,  wbei  I 
think  of  their  preeminent  qoaliflcations.     When  the  associatiaD  Iwt 
met  at  Bristol,  in  1875,  anthropology  was  not  a  sectioD,  bnt  only  « 
department,  and  it  was  presided  over  by  BollestOD.     There  may  be 
some  here  who  recollect  the  address  he  then  delivered,  informed  frnm 
beginaing  to  end  with  that  happy  and  playftal  wit  vhich  was  chanu- 
teristic  of  him ;  bnt  all  will  know  how  great  be  was  in  anatomy,  whs 
a  wide  range  of  classical  and  other  learning  be  possessed,  and  how  to 
delighted  to  bring  it  to  bear  on  every  anthropological  sabject  that  wai 
presented  to  his  notioe.    In  1878  Haxley  was  the  cbalrmaQ  of  thit 
department     It  is  only  neoeAsaiy  to  mention  the  name  of  that  iUss- 
trions  biologist  to  recall  to  yonr  memory  how  moch  anthropology  owe* 
to  hitn.     Eight  years  before  he  had  been  president  of  the  assoctatiaa 
itself,  and  seven  years  before  that  had  published  his  Evidence  m  to 
Man's  Place  in  yatore.    Brilliant  as  his  successes  were  in  otfaw 
branches  of  scientific  investigatton,  I  can  not  bnt  think  that  anthro- 
pology was  with  him  a  favorite  parsuit.     His  writings    upon   that 
subject  possess  a  woDderfnl  charm  of  style.    In  18S3  the  cbsinnw 
was  Peogelly,  who  for  many  years  rendered  service  to  anthropology  by 
his  exploration  of  Kent's  Cavern  and  other  caves,  and  who  happily 
illustrated  the  close  relation  that  exists  between  geology  and  anthro- 
pology.    His  biography,  recently  published,  mast  have  reminded  many 
of  us  of  the  amiable  qualities  which  adorned  biaofaaiacter.    Finally,  ib 
188C,  two  years  after  anthropology  had  become  a  section,  its  president 
was  Sir  George  Campbell,  a  practical  ethnologist,  a  traveler,  an  admin- 
istrator, a  legislator,  a  geographer,  who  passed  through  a  long  cweer 
of  public  life  with  hoDor  and  distinction.     A.]]  my  other  predecessors 
are,  I  am  glad  to  say,  still  living,  and  I  make  no  mention  of  them. 
The  few  names  I  have  cited — selected  by  the  accidental  circumstance 
that  they  are  no  longer  with  ns — are  sufficient  to  show  what  varied 
gifts  and  pursnits  are  combined  in  the  study  of  anthropology. 

There  is  another  side  to  the  question.  Great  as  is  tbe  diversity  of 
the  anthropological  sciences,  their  unity  is  still  more  remarkable.  Tbe 
student  of  man  ninst  study  the  whole  man.  TSo  true  knowledge  of  any 
human  group,  any  more  than  of  a  baman  individual,  is  obtained  by 
observation  of  physical  characters  alone.  Modes  of  thoaght,  langnsge, 
arts,  and  history  must  also  be  investigated.  This  simaltaneous  invsB 
tigation  involves  in  each  case  tbe  same  logical  methods  and  processes. 
It  will  in  general  be  attended  with  the  same  resalts.  If  it  be  true  thst 
of  tl:         verse  is  expressed  in  coittinoity  and  not  in  oataolysm, 
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'We  aball  find  the  same  slow  bat  sore  progress  evident  io  each  branch 
of  tbe  toqniry.    We  shall  find  that  nothing  is  lost,  that  no  race  la  abeo- 
Intely  destroyed,  that  eveiything  that  has  been  still  exists  in  a  modi- 
fied form,  and  contribntee  some  of  its  elements  to  that  which  is.    We 
shall  find  that  this,  which  no  one  doabts  in  regard  to  physical  matters, 
is  eqnally  tnie  of  modes  of  thonght.     We  may  trace  these  to  their 
germs  in  the  small  brain  of  the  paltpolithic  flint  worker;  or,  if  we  care 
to  do  so,  still  farther  back.    This  principle  has,  as  I  nnderstand,  been 
fally  accepted  in  geology  and  biology,  and  thronghout  tbe  domain  of 
physical  science^what  shoald  hinder  its  application  to  aothropologyl 
It  supplies  a  formula  of  onirersal  validity,  and  can  not  bat  add  fi>rce 
and  sablimity  to  our  imagination  of  the  wisdom  of  the  Creator.    It  is 
little  more  than  has  been  expressed  in  tbe  famiUar  words  of  Tennyson — 

'*  Yet  I  doabt  not  thro'  tbe  ftgen  one  locreaalog  purpose  rniu, 
And  the  thoDghts  of  men  we  widen'd  with  tbe  process  of  tbesans;" 

and  supports  his  claim  to  be  "  the  heir  of  all  tbe  ages,  in  tbe  foremost 
files  of  time." 

I  propose,  in  briefly  drawing  yonr  attention  to  some  recent  contriba- 
tions  to  onr  knowledge,  to  ase  this  as  a  convenient  theory  and  as  point- 
ing ont  the  directions  in  which  farther  investigations  may  be  rewarded 
by  even  fnller  light. 

Applying  it,  first  of  all,  to  the  department  of  physical  anthropology, 
we  are  called  upon  to  consider  the  discovery  by  Dr.  Dabois  at  Trinil,  in 
Java,  of  tbe  remains  of  an  animal  called  by  him  Pithecanthropus  erectu», 
and  considered  by  some  aothorities  to  be  one  of  the  missing  links  in  the 
chtuu  of  animal  existence  which  terminates  in  man.  In  his  presidential 
address  to  this  association  last  year,  Sir  John  Evans  said :  *'  Even  the 
Pithscantkropug  erecliis  of  Dr.  Eugfeue  Unbois  from  Java  meets  with 
some  increduloas  objectors  ft«m  both  the  physiological  and  the  geolog- 
ical sides.  Prom  the  point  of  view  of  the  latter  the  difQcnIty  lies  in 
determining  the  exact  age  of  what  are  apparently  allnvial  beds  in  the 
bottom  of  a  river  valley."  Id  regard  to  these  objections,  it  should  be 
remembered  that  thoagh  the  skall  and  femar  in  qnestion  are  the  only 
remains  resembling  humanity  discovered  in  the  site,  it  yielded  a  vast 
number  of  fossil  boues  of  other  animals,  and  that  any  dtfficalty  in  set- 
tling the  geological  age  must  apply  to  tbe  whole  results  of  the  explora- 
tion. The  physiological  difficulties  arise  in  two  points — do  the  skull 
and  femor  belong  to  the  same  individual  T  Are  they,  or  either  of  them, 
hnman,  or  simian,  or  intermediateT  As  to  tbe  first,  it  is  true  that  the 
two  bones  were  separated  by  a  distance  of  abont  50  feet,  bnt  as  they 
were  found  precisely  on  the  same  level,  accompanied  by  no  other  bones 
reBembling  human  bones,  bnt  by  a  great  number  of  animal  remains, 
apparently  deposited  at  tbe  same  moment,  tbe  theory  that  they  belonged 
to  different  individuals  would  only  add  to  the  difficulty  of  tbe  problem. 
With  regard  to  tbe  skull,  a  projection  of  its  ontline  on  a  diaf^ram  com- 
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1 
paring  it  with  othen  of  low  type  belongiog  to  the  stone  age  Aani  \ 
to  be  eBWDtially  ioferior  to  any  of  them.     With  regard  to  tbe  tU^  I 
yon  will  recollect  that  at  the  LiTerpcoI  meeting  of  this  aectioB,  Dl  1 
Hepburn  displayed  a  remarkable  collection  of  femora  from  the  iuu» 
ical  mnseom  of  Edinbnrgta  University,  exhibiting  patbok^ical  ui  ' 
other  oonditionH  similar  to  those  in  the  femar  of  Trinil.     Thongb  tk- 
evidence  tends  to  show  that  the  bone  is  homan,  it  is  Dot  incoowM' 
witb,bnt  on  tbe  contrary  goes  to  sopport,  theconclaaiou  thatitbabf 
to  an  exceedingly  low  and  ancient  type  of  hnmaDity.     Whetliec,  tbrn 
fore,  ve  call  the  remains  Pitkecantkropua  ereetiu  with  their  dJacorcR- 
or  Homo  pitkecantkropua  with  Dr.  Maooavrier,  or  Bofno  JatMtM 
pritnigeniut  with  Dr.  Honz^,  we  are  in  piesenoe  of  a  Talnable  docnmat 
in  tbe  early  erolntion  of  mankind. 

One  element  of  special  interest  In  this  discovery  ia  that  it  hrings  m 
nearer  than  we  have  ever  been  brought  before  to  tbe  time  when  manor 
his  predecessor  acquired  the  erect  position.    I  believe  that  it  is  acksovl- 
edged  by  all  that  the  femar  belonged  to  an  individaal  vfao  stood  vyn^i, 
and  I  presume  that  tbe  capacity  of  the  sknll  being  greater  than  tbstof 
any  known  anthropoid  is  consistent  with  the  same  inference.    The  sj^- 
nificance  of  that  has  been  most  clearly  set  forth  by  my  predecessor,  Dr. 
Unnro,  in  his  address  to  tbis  section  at  Nottingham  in  1893.     He  shown) 
that  a  direct  consequence  of  tbe  upright  position  was  a  complete  divi- 
sion of  labor  as  regards  the  Amotions  of  the  limbs — the  hands  bejn^ 
reserved  for  manipulation  and  the  feet  for  locomotaon;  that  this  neces- 
sitated great  changes  in  the  general  stmctare  of  tbe  body,  incladin; 
the  pelvis  and  the  spinal  column ;  that  the  hand  became  the  most  com- 
plete and  effective  mechanical  organ  nature  has  produced ;  and  that 
this  perfect  piece  of  mechanism,  at  the  extremity  of  a  freely  moving 
arm,  gives  man  a  superiority  in  attack  and  defense  over  other  animala. 
Further,  he  showed  that,  from  tbe  Arst  moment  that  man  reeatn>i'^ 
the  advantage  of  using  a  clob  or  a  stone  in  attack  or  defense,  thedirect 
incentive  to  a  higher  brain  development  came  into  existence.    Tbemao 
who  first  used  a  spear  tipped  with  a  sharp  dint  became  possessed  of 
an  irresistible  power.    In  his  expeditions  for  bunting,  Ashing,  gatbering 
fruit,  etc.,  primitive  man's  acquaintance  with  the  mechanical  powenof 
nature  woald  be  gradually  extended;  and  thus  from  this  vantage  p^' 
of  the  possession  of  a  hand,  language,  thought,  reasoning,  gbstnct 
ideas  would  gradually  be  acquired,  and  the  functions  of  tbe  band'"'' 
the  brain  be  developed  in  a  corresponding  manner.    I  do  iiynsticet" 
Dr.  Munro's  masterly  aigument  by  stating  it  thus  cradely  and  bw^J'' 
It  am'tnnfa  fo  thls — onco  the  erect  position  is  obtained,  the  aotiou^' 
IT  trolled  by  a  progressive  brain,  everything  follows  in  ^^ 

c 

^  which  we  are  yet  able  to  mark  with  certainty  i*  '^ 
p  ere  mast  have  been  a  great  many  intermediate  Rttg*'- 

B  ^omake  any  implements  at  all,  there  must  havebW 
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a  stage  of  mom  or  less  lenf^b  dormg  which  be  ased  any  stick  or  stone 
fbat   came  to  his  hands  vithont  attemptiog  to  fashion  the  one  or  the 
otber.    Before  he  acqoired  the  art  of  fashioning  so  elaborate  an  instru- 
ment  as  the  ordinary  palieolithio  az  or  hammer,  there  mast  have  been 
other  stages  in  whichbewonld  have  been  content  vithsnch  an  improve- 
ment  on  the  natoral  block  of  flint  as  a  single  fractare  would  produce, 
and  voold  proceed  to  two  or  three  or  more  fractures  by  degrees.    It 
must  hare  been  long  before  he  could  have  acquired  the  eye  for  symme- 
try and  the  sense  of  design,  of  adaytatioD  of  meaoB  to  ends,  which  are 
expressed  in  the  fashioning  of  a  complete  palffiolithio  implement.     It  is 
probable  that  such  rude  implements  as  he  would  construct  in  this  inter- 
val would  be  in  general  hardly  diatingnishable  &om  flints  naturally 
fractured.     Hence  the  uncertainty  that  attaches  to  such  discoveries  of 
tbe  kind  as  have  hitherto  been  made  public.    Prof.  MoKenny  Hughes, 
who  speaks  with  very  high  authority,  concludes  a  masterly  paper  in 
the  ArchoMilogical  Journal  with  the  stetement  that  he  has  "  never  yet 
seen  any  evidence  which  wontd  jnstify  the  inference  that  any  implements 
older  than  palieolithic  have  yet  been  foaud."    Tbe  name  "palteotalitb," 
which  had  been  suggested  for  prepalieolithic  Implemeiite,  seems  to  him 
nnuecessary  at  present,  as  there  is  nothing  to  which  it  can  be  applied; 
and  as  it  will  be  long  before  it  can  be  asserted  that  we  have  discovered 
the  very  earliest  traces  of  man,  he  thinks  it  will  probably  be  long 
befbre  the  word  is  wanted.    An  elaborate  work  on  the  ruder  forms  of 
implement,  just  published  by  M.  A.  TbieuUen,  of  Paris,  who  has  for 
many  years  been  engaged  in  collecting  these  objects,  adds  materially 
to  onr  knowledge  of  the  subject. 

Another  line  of  argument  bearing  strongly  in  the  same  direction  is 
afforded  by  tbe  discovery  in  various  places  of  works  of  art  fabricated 
by  early  man.  The  statuettes  from  Braesempony,  the scnlptnres  repre- 
senting animals  from  the  Bruuiquel,  the  well-known  flgureof  the  mam- 
moth engraved  on  a  piece  of  ivory  from  P^rigord,  and  many  other 
gpeoimeuB  of  eiurly  art  attest  a  facility  that  it  is  not  possible  to  associ- 
ate with  the  dawn  of  human  intelligence.  M.  Salomon  Beiuach  tells  an 
amusing  story.  A  statuette  in  steatite  of  a  woman,  resembling  in  some 
reapeote  those  of  Brassempony,  was  discovered  in  one  of  the  caveraa 
of  Mentone,  as  far  back  as  1884,  but  when  the  discoverer  showed  it  to 
a  personage  in  the  locality,  that  authority  advised  him  not  to  let  it  be 
seen,  lest  it  should  take  away  from  the  belief  iu  the  antiquity  of  the 
caves,  it  being  then  thought  too  artistic  to  be  consistent  with  etu-ly  man. 
The  finder  acted  on  this  advice,  in  ignorance  of  the  real  iuterest  of  the 
statuette,  until  April,  1896,wheuhe8howedittoM.BeinachandM.  Til- 
lenoisy,  who  promptly  interviewed  tbe  sage  adviser  iu  question,  and 
obtained  a  confirmation  of  the  statement.  Some  interesting  additiODS 
to  oar  gallery  of  prehistoric  art  have  been  recently  made  by  M.  Emile 
BJri^  and  M.  Berthonmetyron,  at  Cro-Magnon,  in  the  Dordogne.  These 
are  a  drawing  of  a  bison  and  another  of  a  hamao  Aooale  in  profile, 
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vhioli  H.  Bivi^re  haa  kindly  allowed  me  to  reprodooe.  An 
otiiesT  objeota  foood  in  the  same  place  were  some  flint  imf 
bronght  to  a  fine  point,  saitable  for  engravinf  on  bone  or  bom. 
The  idea  of  making  in  any  fbnn  a  graphic  represeDtataoo  of  a 
seen  hag  never,  so  for  as  I  know,  ot-carred  to  any  lower  ^-oimaJ 
ooald  hardly  have  been  among  the  first  ideas  formed  in  tfae  gr 
developing  hnman  brain.  When  that  idea  is  foond  carried  ot 
remarkable  artistic  skill,  by  meaoe  of  implemeDta  well  iMlApted 
pnipoee,  we  may  sorely  assume  that  the  reealt  was  not  obtmu 
after  a  long  interval  of  time,  and  was  approached  by  ^rmdnal 
maAed  by  progrees  in  other  focnlties,  as  well  as  in  tbe  &rtJstie  £a 


It  may  be  that  some  day  all  nnoertainty  on  this  head  will  be  n 
by  decisive  discoveries. 

Tbe  interval  between  the  Paleolithic  and  HecdiaLio  pcnods  rests  ii 
the  like  ooudltion  of  inoertitade.  That  by  some  means,  and  aoBewlMR 
on  the  foce  of  the  globe,  tbe  one  period  gradnally  passed  into  the  otliw 
we  can  not  bat  believe.  That  the  transition  b^we«i  than  may  iun 
involved  innnmerable  degrees  is  also  highly  probable.  Wbeie  and 
when  and  how  each  step  was  taken  we  do  not  know  at  [meiil,  and 
possibly  T>«<7»  ohall  know.  The  problem  is  not  satisfiKtorily  solved  by 
the  p'  '  paleolithic  implementa  r««unbling  DeoMic  fomu, 

or  ni  ^nta  resembling  paleolithic  fimns,  inasmiub  $t 

betwi  od  and  tfae  other  an  interval  of  tiae  involnnf 

geolO:  langes  has  to  be  acooanted  for. 

In  oar  best  anthoritaes  are  the  moat  cautioiu  wd 
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conservative.     In  the  excellent  address  vhioh  Ptot  Boyd  Dairkins 
delivered  to  the  Boyal  Archteolo^cal  Institute  at  the  Dorchester  meet- 
lus  last  year,  ou  the  present  phase  of  prehistoric  archatologyf  he  ooq- 
trasted  the  few  primitiTe  arts,  snch  as  sewing,  and  the  manufacture  ot 
personal  omauients  and  mde  implements  of  the  obase,  possessed  by  the 
l>aleoUtbic  hontere — apart  fitom  their  great  pro&cienc;  in  the  delinea- 
tion of  animals — with  the  rariety  of  arts,  such  as  hnsbandry,  garden- 
infc,  spinning,  weaving,  carpentry,  boat  bnilding,  mining,  and  pottery 
ntaking,  possessed  by  the  neolithic  herdsmen,  and  held  that  between 
tbe   two   there  is  a  great  gnlf  fixed.     Somewhere  the  gulf  most  be 
bridged  over.    Prof.  Boyd  Dawkins  says  that  the  bridge  is  not  to  be 
found  in  the  caverns  of  the  soath  of  France.    It  is  difficalt  to  meet  his 
argument  that  the  presence  of  grains  of  barley  and  stones  of  the  onlti- 
Tated  plam  at  Mas  d'AzU  are  evidences  of  neolithic  civilization.    His 
objections  to  other  discoveries  are  not  so  strong  as  this,  but  are  strong 
enoDgh  to  make  ns  pause.    The  tall,  long-headed  people  whose  remains 
were  fonnd  at  Cro-Magnon,  be  holds  to  be  early  neolithic  and  not  pale- 
olithic, to  'stand  on  the  near  side  and  not  on  tbe  &r  side  of  the  great 
gnlf- 

These  considerationB  lend  importance  to  the  discoveries  which  have 
been  laid  before  this  association  at  previous  meetings  by  Hr.  Seton- 
Kerr,  and  which  have  also  been  commented  upon  by  ProC  Flinders 
t  Petrie  and  Sir  John  Evans.  If  we  are  compelled  to  admit  a  breach  of 
continuity  in  Europe,  is  it  in  Africa  that  we  shall  find  tbe  missing 
links  t  That  is  another  of  the  great  problems  yet  unsolved.  The 
evidence  we  want  relates  to  events  which  took  place  at  so  great  a 
distance  of  time  that  we  may  well  wait  patiently  for  it,  assured  that 
somewbere  or  other  these  missing  links  in  the  chun  of  continuity  must 
have  existed  and  probably  are  still  to  be  found. 

The  next  stage,  which  oomprlBcs  the  interval  between  the  neolithic 
and  the  biHtoric  periods,  was  so  ably  dealt  with  by  Mr.  Arthur  J.  Evans 
in  his  address  to  this  section  at  the  Liverpool  meeting  that  it  does  not 
call  for  any  observations  fh>m  me.  Two  committees  appointed  by  the 
association  in  connection  with  this  section  tonch  npon  this  interval — 
the  committee  for  investigating  the  lake  dwellings  at  Qlastonbory,  and 
the  committee  for  cooperating  with  the  explorers  of  Silchester  In  their 
well-conducted  and  fruitful  investigation  of  the  infiuence  of  Boman 
civilization  on  a  poor  provincial  population.  I  pass  ou  to  consider  the 
very  great  progress  that  has  been  made  of  late  years  in  some  of  the 
branches  of  anthropology  other  than  physical  and  prehistoric^  and 
especially  in  that  of  folklore.  I  do  this  the  more  readily  because  I  do 
not  recollect  that  folklore  has  ever  before  been  prominently  referred 
to  in  an  address  to  this  section.  It  is  beginning  to  assert  itself  here, 
and  will  in  time  acquire  tbe  oouspioaons  position  to  which  it  is  becoming 
entitled,  for  tbe  British  Ansociation  is  sensitive  to  every  scientific 
movement  and  responds  readily  to  the  demands  of  a  novel  Investiga- 
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*■  t»fa»g»*if*rrfgfciM"»'»0— '^fciehtodbeem  entered  ias 
^  puij^  by  Mrs.  Gbw»>,  ha*  been  revarded  by  tbe  dlaeonrjii 
^t'T  f*'**  tieaiinf  apaa  tteM  ticwb.  A  great  Dumber  of  Uraee  ganm 
to^sst  of  druDinc  inaeoiDtatwuM  at  aiaiTiage  by  capture  aod  mir 
rttc«  by  porrbwe— tte  idea  of  exosamy  is  diatiDctly  emboilied  io 
th«m.  Voo  will  see  a  body  of  chOdien  separate  tlunnselTee  into  two 
faMtDe  tnboa.  eatabtisb  a  boondary  line  between  Uiem,  demand  tbe  om 
bom  tbe  Mber  a  aeleeted  maideo,  and  then  engage  in  conflict  to  deCer- 
■ioe  wbetber  tbe  aggteosors  can  cany  her  across  tiie  boandarf  or  tbe 
defeoden  retain  her  within  iL 

Thefe  can  be  little  doabt  that  theee  games  go  back  to  a  hi^  antiq- 
aity,  and  there  is  mneh  probability  that  they  are  founded  apon  cnstons 
actwUy  existing  w  jnst  passing  awaf  at  tbe  time  they  wen  fim 
riajed.  Games  of  this  kind  pass  down  with  little  change  from  age  to 
age.  Each  si 
this  year  is 
the  yearaftc 
ability  to  do  I 
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slaim  our  atteDtion.    Hias  Koalfe  Cox  has  oolleoted,  abatracted,  and 
iiAbnlated  not  fewer  then  345  variants  of  Cinderella,  Gatskin,  and  Cap  o* 
Rashes.    These  come  ftom  all  four  qnartere  of  the  globe,  and  some  of 
khetn  are  recorded  as  early  as  the  middle  of  the  sixteenth  centiuy. 
These  elaborate  stories  are  still  being  banded  down  ftwm  generation  to 
generation  of  children,  as  they  bare  been  for  conntless  generations  in 
the  past.    Pnll  of  detail  as  they  are,  they  may  be  reduced  to  a  few 
primitive  ideas.    If  we  view  them  in  their  wealth  of  detail  we  shall 
deem  it  impoaaible  that  they  oonld  have  been  disseminated  over  the 
world  as  they  are  otherwise  than  by  actual  contact  of  the  several 
peoples  with  eaob  other.    If  we  view  them  in  their  simplicity  of  idea 
we  shall  be  more  disposed  to  think  that  the  mind  of  man  naturally  pro- 
daces  the  same  resolt  in  the  like  circomstances,  and  that  it  la  not 
necessary  to  postulate  any  commonication   between  the  peoples  to 
account  for  the  identity.    It  does  not  surprise  us  that  the  same  compli- 
cated physical  operatioDS  should  be  performed  by  fiar  distant  peoples 
without  any  commnnication  with  each  other.    Why  should  it  be  more 
sorpriaing  that  mental  operations  not  nearly  so  complex  should  be 
produced  in  the  same  order  by  different  peoples  without  any  socb  com- 
munication t    Where  commnnication  is  proved  or  probable  it  maybe 
accepted  as  a  sufficient  explanation ;  where  it  is  not  provable  Oiere  is 
no  need  that  we  shonld  assume  its  existence. 

The  simple  ideas  which  are  traceable  in  so  many  places  and  so  far 
back  are  largely  in  relation  with  that  branch  of  mythology  which  per- 
sonifies the  operatjons  of  natare.  Far  be  it  from  me  to  attempt  to 
define  the  particular  phase  of  it  which  is  embodied  in  the  figure  of 
Cinderella  as  she  sits  among  the  ashes  by  the  hearth  or  to  join  in  the 
ebase  after  the  solar  myth  in  popular  tradition.  The  form  of  legend 
which  represents  some  of  the  forces  of  nature  under  the  image  of  a  re^ 
or  fictitious  hero  capable  of  working  wonders  appears  to  be  widely  dis- 
tribnted.  Of  such,  I  take  it,  are  the  traditions  relating  to  Glooscap, 
which  the  late  Dr.  8,  T.  Band  collected  in  the  course  of  bis  forty  years' 
labors  as  a  missionary  among  the  Hicmao  Indians  of  Nova  Scotia, 
where,  Hr.  Webster  says,  Olooscap  formerly  resided.  The  Indians  sup- 
pose that  be  is  still  in  existence,  altbongh  they  do  not  know  exactly 
where.  He  looked  and  lived  like  other  men ;  ate,  drank,  smoked,  slept, 
and  danced  along  with  them,  but  never  died,  never  was  sick,  never  grew 
old.  Cape  Blomidon  was  his  home,  the  Basin  of  Minas  bis  bfwver 
pood.  He  had  everything  on  a  large  scaler  At  Cape  Split  he  cat 
open  the  beaver  dam,  as  tbe  Indian  name  of  the  cape  implies,  and  to 
this  wt  owe  it  that  ahips  can  pass  there.  Spencers  Island  waa  his 
kettle.  His  dogs,  when  be  went  away,  were  transformed  into  two 
rocka  close  by.  When  he  returns  he  will  restore  them  to  lifB.  He 
could  do  anything  and  everything.  The  elements  were  entirely  under 
his  oontrol.  You  do  not  often  meet  with  a  mischievous  exercise  of  his 
poffer.    It  is  a  curious  part  of  tiie  tradition,  possibly  a  l»te  addftloD 
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to  it,  tliat  it  was  the  encroachments  and  treachery  of  the  whites  which 
drove  him  away. 

The  early  iDhabitants  of  the  island  of  Tahiti  appear  to  have  had  a 
whole  pantheon  of  gods  and  heroes  representing  the  varioas  operttlioiis 
of  nature.  Even  the  Papnans  hare  a  legend  in  which  the  morning  star 
ia  personified  acting  as  a  thief.  Bnt  it  is  needless  to  moltiply  instaocee. 
Lord  Baoon,  who  says  "The  earliest  antiquity  lies  bnried  in  silence 
and  oblivion.  ■  •  •  This  silence  was  succeeded  by  poetical  fables, 
and  these  at  length  by  the  writings  we  now  enjoy,  so  that  the  oonoealed 
and  secret  learning  of  the  ancients  seems  separated  irom  the  history 
and  knowledge  of  the  following  ages  by  a  veil  or  partition  wall  of 
fables  interposing  between  the  things  that  are  lost  and  those  that 
remain,"  has  shown  in  his  Wisdom  of  the  Ancients  that  clasncal 
mythology  was  in  truth  a  vast  system  of  nature  worship,  and  in  so 
doing  has  done  more  than  even  he  knew,  for  he  has  affiliated  it  to  those 
ideas  which  have  been  so  commonly  formed  among  rude  and  primitive 
peoples.  It  is  true,  he  says,  fables  in  general  are  composed  of  ductile 
matter,  that  may  be  drawn  into  great  variety  by  a  witty  talent  or  an 
inventive  genios  and  be  delivered  of  plansible  meanings  which  they 
never  contained.  Bnt  the  argnment  of  most  weight  with  him,  lie  cou- 
tinaes,  "is  that  many  of  these  fables  by  no  means  appear  to  have  been 
invented  by  the  persons  who  relate  and  divulge  them,  whether  Homer, 
Hesiod,  or  others;  bat  whoever  attentively  considers  the  thing  will  find 
that  these  fables  are  delivered  down  and  related  by  those  writers  not 
as  matters  then  first  invented  and  proposed,  bnt  as  things  received  and 
embraced  in  earlier  ages.  The  relators  drew  from  the  common  stock 
of  ancient  tradition  and  varied  but  in  point  of  embellishment,  which  is 
their  own.  This  principally  raises  my  esteem  of  these  fobles,  which  I 
receive  not  as  the  product  of  the  age  or  invention  of  the  poets,  bnt  aa 
sacred  relics,  gentle  whispers,  and  the  breath  of  better  times,  that  from 
Uie  traditions  of  more  ancient  nations  came  at  length  into  the  Antes 
and  trumpets  of  the  (ireeks," 

Except  that  he  supposes  them  to  be  a  relic  of  better  times,  the  poet's 
dream  of  a  golden  age  no  donbt  still  ringing  in  his  ears,  Bacon  had  in 
this,  as  in  many  other  matters,  a  clear  insight  into  the  meaning  of 
things. 

Another  idea  that  appears  among  very  early  and  primitive  peoples 
and  has  had  iu  all  time  a  powerful  influence  on  mankind  is  that  of  a 
separable  spirit.  The  aborigines  of  northwest  central  Queensland, 
who  have  lately  been  studied  to  sncb  excellent  purpose  by  Dr.  Walter 
Roth,  the  brother  of  a  much-esteemed  past  ofBcer  of  this  section,  are  in 
many  respects  low  in  the  scale  of  hnmanity,  yet  they  possess  this  idea. 
They  believe  that  the  ghost  or  shade  or  spirit  of  some  one  depiu'ted  can 
■«o  initiate  an  individual  into  the  mysteries  of  the  craft  of  doctor  or  medi- 

ie  man  as  to  enable  him,  by  the  use  of  a  death-bone  apparatus,  to 
dnoe  sickness  and  death  in  another.    This  apparatus  is  supposed  to 
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extract  blood  Irotn  tbe  Tiotim  against  Tbom  it  is  pointed  withoat  actual 
contact  nod  to  insert  in  liini  some  foreign  substance.  Tbey  will  not  go 
alone  to  tbe  grave  of  a  relative  for  fear  of  seeing  hia  ghost  It  appears 
tbat  they  have  the  &ncf  that  £aroi>eanB  are  ghosts,  Tbe  Tasmanians 
also,  as  Mr.  Ling  Both  himself  tells  ns,  had  tbe  same  fonoy  as  to  tbe 
Kuropeans  and  believed  that  tbe  dead  could  act  upon  the  living.  The 
Pawnee  Indians,  we  are  assured  by  Mr.  Orinnell,  believe  that  tbe  spir* 
its  of  tbe  (lead  live  after  their  bodies  are  dost.  Tbey  imagine  that  tbe 
little  whirlwinds  often  seen  in  summer  are  ghosts.  TbeBlackfeet  tbiak 
the  shadow  of  a  person  is  bis  soul  and  that  while  the  soqIb  of  the  good 
are  allowed  to  go  to  the  sand  hills,  those  of  the  bad  remain  as  ghosts 
near  the  place  where  they  died.  The  Sbillooks  of  Central  Africa  are 
said  to  believe  that  the  ghostly  specters  of  the  dead  are  always  invisibly 
present  with  tbe  living  aud  accompany  them  wherever  tbey  go.  The 
aborigines  of  Samoa  believed  in  a  land  of  ghosts,  to  which  the  spirits 
of  tbe  deceased  were  carried  immediately  after  death.  The  religions 
system  of  the  Amaznla,  as  described  by  Bishop  Oalla way,  rests  largely 
on  the  foundation  of  belief  in  the  continued  activity  of  the  disembodied 
spirits  of  deceased  ancestors. 

Mr,  Bryoe,  in  bis  "  Impressions  of  South  Africa,"  says  that  at  Lezapi, 
in  Mashonaland,  are  three  huts,  one  of  which  is  roofed  and  is  tbe  grave 
of  a  famous  chief  whose  otBcial  name  was  Makoni.  "On  the  grave 
there  stands  a  large  earthenware  pot,  which  need  to  be  regnlarly  filled 
with  native  beer,  when,  once  a  year,  about  the  anniversary  of  his  death, 
his  sons  and  other  descendants  cune  to  venerate  and  propitiate  his 
ghost  Five  years  ago,  when  the  white  men  came  into  the  country,  the 
ceremony  was  disnsed,  and  tbe  poor  ghost  is  now  left  withoat  honor  and 
nutriment.  Tbe  pot  is  broken,  and  another  pot,  which  stood  in  an 
adjoining  but  and  was  used  by  the  worshipers,  has  disappeared.  Tbe 
idaoe,  however,  retains  its  awesome  character,  and  a  native  boy  who  was 
with  ua  would  not  enter  it.  The  sight  broaght  vividly  to  mind  tbe 
fdoiilar  spirit  worship  which  went  on  among  tbe  Bomans,  and  which 
goes  on  to-day  in  Ohina;  but  I  could  not  ascertain  for  how  many  gen- 
erations back  an  ancestral  ghost  receives  these  attentions — a  point 
which  has  remained  obscore  in  tbe  case  of  Roman  ghosts  also." 

The  aboriginea  of  yew  Britain  are  said  to  believe  that  the  ghosts  of 
their  deceased  ancestors  exercise  a  paramount  inflnenoe  on  human 
afEura,  for  good  or  for  evil.  They  have  the  poetical  idea  that  the  stars 
are  lamps  held  out  by  the  ghosts  to  light  the  path  of  those  who  are  to 
follow  in  their  footsteps.  On  the  other  hand,  they  think  these  an- 
cestral ghosts  are  most  malicious  during  fall  moon.  Not  to  mnltiply 
instances,  we  may  say  with  Mr.  Stanitand  Wake,  it  is  much  to  be 
doabted  whether  there  is  any  race  of  uncivilized  men  who  are  not  firm 
believers  in  tbe  existence  of  spirits  or  ghosts.  If  this  is  so,  and  the 
idea  of  a  separable  spirit,  capable  of  feeling  and  of  action  apart  from 
tbe  body,  is  found  to  be  practically  universal  among  mankind,  and  to 
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have  beeo  «xoogitsted  1^  soom  of  tiw  least  adnueed  aiaie  iiiiinilia. 
and  if  we  obserre  bow  Urge  *  ahaifl  thai  ides  has  in  SornuBg  tke  de^- 
ma*  of  tbe  more  specialued  religioBS  of  the  present  daj,  we  diall  mat 
see  anything  inbereotl;  nnressMiBUe  in  tiw  goMnlixatitM  that  tte 
giaap  of  theories  and  practieeB  which  oonstitate  tbe  gieat  prormee  «f 
man's  emotiotu  and  mental  openUiatM  ezpesaed  in  the  term  "nS^am" 
has  psssed  through  the  same  stages  and  prodnced  itself  in  the  sa^M 
way  from  these  early  rode  beginnings  of  the  religioiis  nriitlaii  nl  as 
every  other  mental  exertioa.  We  shall  see  in  religion  as  leal  a  part  of 
man's  orgiuization  as  any  physieal  menber  or  aientBl  tmaattj^.  We 
shall  have  no  reason  to  think  that  it  is  an  exeqition  to  any  geoeral  law 
of  progress  and  of  eontinnity  which  is  fbond  to  prevail  in  aoy  nthtj 
part  of  man's  nature. 

The  same  infiereoee  may  be  drawn  from  many  other  oonsidentioaa, 
Take,  for  instance,  Uie  belief  in  witchcraft,  which  is  so  characteristic  of 
uncivilized  man  that  it  is  hardly  neoessar}'  to  cite  examples  of  it.  He 
Bev.  Hr.  Coillard,  a  distangoished  missionary  of  tbe  Evangelical  Soeaefy 
of  Paris,  in  a  deligtitfdl  reocwd,  which  has  jost  been  published,  oi  h^ 
twenty  years'  labors  as  a  miasioaaiy  pioneer  among  the  Banyai,  aad 
Barotzi  of  the  Upper  Zambesi,  "on  tbe  threshold  of  Central  Afrw^" 
says:  "In  the  prison  of  the  Barotzi,  toiling  at  earthworks,  isawoaus— 
yoQDg,  bright,  and  intdligeot^  She  told  me  her  story.  A  man  of  t»- 
markably  gentle  character  had  married  her.  Tbe  king's  sister,  Katoka, 
having  got  rid  of  one  of  her  hnsbandsi,  cast  her  eyes  on  this  nan  aad 
took  bim.  He  had  to  forsake  his  young  wife — quite  an  easy  matter. 
Unfortunately,  a.little  later  on,  a  dead  mouse  was  found  in  the  ptineearf 
house.  There  was  a  great  commotjcm,  and  the  cry  of  witehcraft  was 
raised.  The  bones  did  not  &il  to  designate  the  young  woman,  and  she 
was  made  a  convict.  A  few  years  ago  she  would  have  been  homed 
alive.  Ah,  my  friends,  paganism  is  an  odios  and  a  cruel  thing.'*  Ah, 
Mr.  Ckiillard,  is  it  many  yean  ago  that  she  wonld  have  beeo  bnmt  alive 
or  drowned  in  Christiui  England  or  Gbristaui  Amerieat  Surely  tbe 
odionsness  and  the  cmelty  are  not  special  to  paganism  any  more  than 
to  GhristJanity.  The  one  and  the  other  are  due  to  ignorance  and  super- 
stitiou,  and  these  are  more  hateful  in  a  Matthew  Hale  or  a  Patrick 
Henry  than  in  a  Barotzi  princess  in  the  proportion  that  they  ongfatto 
have  been  more  enlightened  and  intelligent  than  she.  It  is  only  one 
hundred  and  twenty-two  yevs  since  John  Wesley  wrote:  "I  can  not 
give  np  to  all  the  Deists  in  Great  Britain  the  existence  of  witd>craft;~ 
and  I  believe  that  to  this  day  the  Order  of  Exorcists  is  a  recognized 
order  in  the  Catholic  Oborch. 

The  same  line  of  argnment — which,  of  course,  I  «n  only  indicating 

here — might  be  narsned,  I  am  persuaded,  in  numberless  other  direetioaB. 

Ur.  Frazer  -k  on  the  Golden  Bough,  has  most  learnedly 

''Dplied  it  '  gronp  of  beliefs  and  otMervances.    Mr.  Hart 

d  has  f  research  with  a  singularly  luminous  study 

sveral  leas  in  the  three  volOmesof  his  *'Legeod<tf 
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P^nsens:"  More  recently,  Mr,  Andrew  Laag  has  BOogbt  to  shov  that 
the  idea  of  a  Sapreme  Being  oounrs  at  an  earlier  stage  in  the  develop- 
ment of  savage  thougbt  than  ve  had  hitherto  supposed.  Stritdng  as 
liheBe  varions  collocations  of  ttesta  and  the  conclnsions  drawn  from  them 
may  appear,  I  am  convinced  there  is  mnch  more  for  the  folklorist  to  do 
in  the  same  directions. 

The  principle  that  onderlies  it  all  seems  to  be  this;  Man  can  destroy 
nothing,  man  can  create  nothing,  man  can  not  of  his  own  mere  volition 
even  permanently  modify  anything.  A  higher  power  restrains  his 
operations,  and  often  reverses  hie  work.  Ton  think  yoa  have  exter- 
minated a  race;  yon  have  pat  to  the  sword  every  mfde  yon  can  find, 
and  yoa  have  starved  and  poisoned  all  the  sarvivors  of  the  commanity. 
In  the  meanwhile,  their  blood  has  been  mingled  with  yonrs,  and  for 
generations  to  come  yoor  bones  and  those  of  yonr  descendants  will  pre- 
serve a  record  of  that  lost  race.  Yoa  think  yon  have  exterminated  a 
religion ;  you  have  bomed  to  death  all  of  its  teachers  yon  can  find,  and 
converted  forcibly  or  by  persuasion  the  rest  of  the  commanity.  But 
yon  can  not  control  men's  thoogbts,  and  the  old  belief^  and  babita  wilt 
spring  np  again  and  again,  and  insensibly  modify  year  own  religion, 
pore  as  yoa  may  suppose  it  to  be. 

Huxley,  in  his  address  to  the  department  of  anthropology  twenty 
years  ago,  said,  with  the  force  and  candor  that  were  cboractoristic  of 
him :  "Anthropology  has  nothing  to  do  with  the  truth  or  falsehood  of 
religion — it  holds  itself  absolutely  and  entirely  aloof  from  such  ques- 
tions— but  the  natnral  history  of  religion  and  the  origin  and  the  growth 
of  the  religions  entorttuned  by  the  different  kinds  of  the  human  race 
are  within  its  proper  and  legitimate  province."  I  do  not  presume  to 
question  ttiat  as  an  absolutely  accurate  definition  of  the  position — it 
could  not  be  otherwise;  but  if  there  be  any  here  to  whom  what  I  have 
been  suggesting  is  in  any  sense  novel  or  startling,  I  should  be  glad  to 
be  allowed  to  say  one  word  of  reassarsjice  to  them.  When  my  friend 
Mr.  Olodd  shocked  some  of  the  members  of  the  Folklore  Society  by  his 
frank  statement  of  conclusions  at  which  he  bad  arrived,  following  the 
paths  I  have  indicated,  it  was  said  we  mast  fall  back  on  tbe  evidences 
of  Christianity.  What  more  cogent  evidence  of  Ohristianity  can  yon 
have  than  its  existenoet  It  stands  to-day  as  the  religion  which,  in 
most  civilized  countries,  represents  that  which  has  been  found  by  the 
operation  of  natural  laws  to  be  l>e8t  suited  for  the  present  circum- 
Btanoes  of  mankind.  Yon  are  a  Christian  because  you  can  not  help  it. 
Tnm  Mahometan  to-morrow,  will  yon  stop  the  spread  of  Obristianity  T 
Yonr  individual  renunciation  of  Ohristianity  will  be  but  a  ripple  on 
a  wave.  Civilized  mankind  holds  to  Ohristianity,  and  can  not  but  do 
BO  till  it  can  find  something  better.  This,  it  seems  to  me,  is  a  stronger 
eridence  of  Ohristianity  than  any  of  the  loose- jointed  arguments  I  find 
m  evidential  literature. 

Upon  this  thorny  subject  I  will  say  no  more.    I  would  not  have  said 
80  mnch,  but  that  I  wish  to  show  that  these  considerations  are  not 
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inooDsistent  with  the  respect  I  entertain,  and  desire  now  as  a^ays  to 
express  for  those  feelings  and  seDtimenta  wtiich  are  esteemed  to  be 
preoioas  by  the  great  m^ority  of  maDlcind,  which  solace  tbem  aodet 
the  adversities  of  life  and  nerve  them  for  the  approach  of  death,  and 
which  stimulate  them  to  works  of  self-sacrifice  and  of  charity  tbal 
have  conferred  untold  blessings  on  humanity.  I  reverence  the  divine 
founder  of  Christianity  all  the  more  when  I  think  of  Him  as  one  who  so 
welt  "knew  wh»t  was  io  man"  as  to  bnild  upon  ideas  and  yeamings 
that  had  grown  in  man's  mind  from  the  earliest  infancy  of  the  race. 

To  retnrn.  If  continaity  be  the  key  that  unlocks  the  receptacle 
where  lie  the  necrets  of  man's  history — physical,  indastrial,  mental, 
and  moral ;  if  in  each  of  these  respects  the  like  processes  are  going 
on — it  follows,  as  I  have  already  said,  that  the  only  satisfoctory  study 
of  man  is  a  study  of  the  whole  man.  It  is  for  this  reason  that  I  ask  yoo 
to  take  especial  interest  in  the  proceedings  of  one  of  the  committees  <rf 
this  section,  which  has  adopted  snch  a  comprehensive  study  as  the 
guiding  principle  of  its  work — I  mean  the  ethnographical  survey  com- 
mittea  I  have  so  often  addressed  this  section  and  the  Conference  of 
Corresponding  Societies  on  the  matter,  since  the  committee  was  flist 
appointed  at  the  Edinburgh  meeting,  on  the  soggestioo  of  my  friend, 
Professor  Uaddon,  that  I  can  hardly  now  refer  to  it  without  repeating 
what  has  been  already  said  or  forestalling  what  will  be  said  when  its 
report  is  presented  to  you,  but  its  programme  so  folly  realizes  that 
which  has  been  in  my  mind  in  all  that  I  have  endeavored  to  say  that  I 
must  make  one  more  effort  to  enlist  your  active  interest  in  its  work. 

The  scheme  of  the  committee  inclades  the  simultaneous  recording  in 
varioas  districts  of  the  physical  characters,  by  measurement  and  by 
photography,  the  corrent  traditions  and  beliefs,  the  peculiarities  of 
dialect,  the  monuments  and  other  remains  of  ancient  calture,  and  the 
external  history  of  the  people.  The  places  in  the  United  Kingdom 
where  this  can  be  done  with  advantage  are  such  only  as  have  remained 
unaffected  by  the  great  movements  of  popalation  that  have  occnrred, 
especially  of  late  years.  It  might  h&ve  been  thought  that  such  places 
would  be  very  few,  but  the  preliminary  inquiries  of  the  committee 
resulted  in  the  formation  of  a  list  of  between  300  and  400.  So  far, 
therefore,  as  the  testimony  of  the  very  competent  persons  whose  advice 
was  sought  by  tbem  is  to  be  relied  on,  it  is  evident  that  there  is  ample 
scope  for  their  work.  At  the  same  time,  the  process  of  migration  from 
country  to  town  is  going  on  so  rapidly  that  every  year  diminishes  the 
number  of  sur'  th  regret  how  much  easier  the 

work  would  Ii  liree  generations  ago;  but  that 

consideration  put  it  ofl^  no  longer.    The  work 

done  by  the  '.  or  for  this  committee  in  Dnm- 

ftiesshire  aot  s  an  excellent  type  of  the  way 

in  which  sncl  is  collections  of  physical  meas. 

urements  and  iblished  in  the  fourth  and  fifth 

reports  of  the  >e  no  doubt  that  few  men  poe. 
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Bess  the  fiwalty  he  had  of  drawm^  forth  the  coDfidence  of  the  villagers 
and  getting  them  to  tell  him  their  Baperstitiona  and  their  old  castoma. 
He  snoceeded  in  reoording  from  their  lips  not  fewer  than  733  items  of 
folklore.  They  not  merely  form  exceedingly  pleasant  reading,  sacb  as 
is  perhaps  not  often  met  with  in  a  British  Association  report,  bat  they 
also  will  be  foond  to  throw  considerable  light  on  the  Views  which  I 
have  ventared  to  lay  before  yon.  It  is  moch  to  be  wished  that  others 
who  have  the  like  faculty,  if  even  in  a  lesser  degree,  conld  be  indnoed 
to  take  up  similar  work  in  other  districts,  now  that  Dr.  Oregor  has  so 
well  shown  the  way  in  which  it  onght  to  be  done. 

The  work  done  by  the  committee  for  the  ethnographical  survey  of 
Canada;  the  completion  of  the  ethnographical  survey  of  the  North. 
western  tribes,  which  has  been  ably  condacted  for  many  years;  and 
the  progress  made  in  the  ethnographical  survey  of  India  will  also  be 
brought  under  your  notice,  the  latter  in  a  paper  by  Mr.  Oiooke,  who 
has  worked  with  Mr.  Bisley  upon  it. 

Another  movement,  which  was  originated  by  this  section  at  the 
Liverpool  meeting,  and  was  referred  to  in  the  report  of  the  council  of 
the  association  last  year,  has  made  some  progress  since  that  report  was 
presented.  Upon  the  recommendation  of  this  section,  the  geufuvl  com- 
mittee passed  the  following  resoladou  and  referred  it  to  the  council  tor 
consideration  and  action: 

"  That  it  is  of  nrgent  importance  to  press  upon  the  Government  the 
necessity  of  establishing  a  bureau  of  ethnology  for  tireater  Britain, 
which,  by  collecting  information  with  regard  to  the  native  races  within 
and  on  the  borders  of  the  Empire,  will  prove  of  immense  value  to  science 
and  to  the  Gkivernment  itself." 

The  council  appointed  a  committee,  consisting  of  the  president  and 
general  officers,  with  Sir  John  Evans,  Sir  John  Lubbock,  Professor 
Tylor,  and  your  esteemed  vice-president,  Mr.  Bead,  the  mover  of  the 
resolntion.  Their  report  is  printed  at  length  in  last  year's  report  of 
Gonuoil,  and  shows  clearly  how  asefnl  and  bow  easily  practicable  the 
establishment  of  such  a  bureau  would  be.  The  council  resolved  that 
the  trustees  of  the  Britash  Museum  be  requested  to  consider  whether 
they  conld  allow  the  proposed  bureau  to  be  established  in  connection 
vitii  the  museum.  I  understand  that  those  trustees  have  returned  a 
favorable  answer;  and  I  can  not  doobt  that  the  joint  representations 
which  they  and  this  association  will  make  to  Her  Majesty's  Government 
will  result  in  the  adoption  of  a  scheme  calculated  to  realize  all  the 
iKlvant^es  which  we  in  this  section  have  so  long  looked  for  from  it. 
In  the  secretary  of  state  for  the  colonies  and  the  chancellor  of  the 
exchequer  we  have  statesmen  who  can  not  fail  to  appreciate  the  ben- 
efits the  commnnity  must  derive  from  acquiring  accurate  and  scientific 
koowledge  of  the  mnltiforions  races  which  comi)ose  the  Empire. 

Those  of  us  who  visited  the  United  States  last  year  had  the  oppor- 
tunity of  observing  the  excellent  work  which  is  done  by  tlie  Bureau 
of  EUmology  at  Washington,  and  those  who  stayed  at  home  are  prob-, 
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ably  familiar  with  the  valuable  publications  of  tfaat  departmeDt.  Ab 
act  of  CoD^ress  tweuty  jrean  ago  appropriated  £4,000  a  year  to  tbe 
Smithsonian  InstitotioD  for  the  ouitiniunoe  of  researches  in  iNortk 
American  anthropology.  The  oontrol  of  the  Bniean  was  iutrasted  to 
the  able  bands  of  M^jor  Povell,  who  gathered  roand  bim  »  band  at 
skilled  workers,  many  of  whom  bad  been  previoosly  eoga^ed  on  ethno- 
graphic research  ander  the  direction  of  the  Geographical  and  Geolc^ical 
Survey  of  the  Bocky  Hoantain  regiiHi.  In  field  work  and  in  oflBce  -woA, 
to  use  H^oT  Powell's  coaveDient  distinction,  ample  return  has  ever 
since  been  rendered  to  the  United  States  Gkivemment  fisr  the  moner 
thus  appropriated,  which  has  since  been  increased  to  £8,000  a  year. 
Our  own  bureau  of  ethnology  would  have  a  wider  sphere  of  operatioits, 
and  be  concerned  with  a  greater  number  of  races.  It  wonld  tend  to 
remove  frnm  us  the  reproach  that  has  in  too  many  oases  not  been 
without  foundation — tfaat  we  have  been  content  to  govern  races  by  the 
strong  band  without  caring  to  understand  them,  and  have  than  been 
the  caa$e  of  iqjustiue  and  oppression  troia  ignorance  rather  than  from 
malevolMKn.  If  that  were  only  a  record  of  the  past,  we  might  be  oon- 
teot  with  mere  unavailing  regret;  but  the  oolonial  empire  is  still 
expanding,  and  we  and  our  competitors  in  that  field  are  atill  absorbing 
new  districta — a  practice  wliicb  will  probably  continue  as  lon^  as  any 
spot  of  ground  remains  on  the  taaa  of  the  globe  ooonpied  by  an  onciv- 
iliMd  race. 

Would  it  not  be  worth  while  at  this  jnnctnre  to  extend  to  the  peoples 
of  Afiica,  for  instance,  the  principles  and  methods  of  the  EthQO|n^>hic 
Survey — to  atndy  thomngbly  all  their  physical  character^  and  at  the 
same  time  to  get  an  insight  Into  the  working  of  their  minds,  the  senti- 
ments and  ideas  that  affectthemmostcloeely,  their  con viotions  of  right 
and  wrong,  theirnystems  of  law,  tlie  traditionsof  thepastthatthey  ch««'- 
ish,  and  the  mde accomplishments  theyposaessf  If  for  Kich  a  service 
investigators  like  Dr.  Roth,  who  began  his  researches  in  Queensland 
by  so  close  astudy  of  the  languages  and  dialects  of  the  people  that  he 
thoroughly  won  their  confidence,  could  be  found,  the  public  wonld  ao<Hi 
leam  the  practical  value  of  anthropological  resefucb.  If  the  oonmder- 
ations  which  I  have  endeavored  to  urge  npon  yon  should  lead  not  only 
the  scientific  student  bnt  the  community  at  large  to  look  upon  that 
which  is  strange  in  the  habits  and  ways  of  thinking  of  unciviliied 
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The  day  of  great  exploring  expedltdons  in  Africa  is  over.  Bold  lines, 
only  occasionally  broken  ap  into  dots,  and  great  and  little  bluish-green 
spote  of  cartons  outline  fill  the  white  spaces  which  stare  the  stadent 
ID  the  eyes  in  the  times  of  Bcientiflc  truth,  and  in  the  times  of  more 
yivid  fancy  were  adorned  with  the  flgnies  of  grotesque  animals  and 
with  neat  inecriptiona  like  Caput  N'ili  and  MonUa  Xwux.  In  its  main 
features,  the  picture  is  unrolled  before  our  eyes.  One  is  tempted  to 
believe  that  the  old  Boman  question  about  Africa  not  only  has  become 
too  trivial  to  be  put,  bat  has  lost  its  justification.  That,  however,  is  not 
quite  true.  What  bold  investigators,  great  pioneers,  still  find  to  tell 
us  of  civilizations  nearer  home,  proves  more  and  more  clearly  that  we 
are  ignorant  of  hoary  Africa.  Somewhat  of  its  present,  perhaps,  we 
know,  but  of  its  past  little. 

We  ethnologists  have  &red  particularly  ilL  Far  from  bringing  us 
answers  to  our  questions,  the  travelers  have  increased  oar  enigmas  by 
many  an  addition  so  peonliar  that  astonishment  has  scarcely  yet  made 
room  for  investigation.  For  the  pictures  of  the  inhabitants  and  the 
specimens  of  their  civilization  are  indeed  questions.  Open  an  illas- 
trated  geography  and  compare  the  "  Type  of  the  African  Negro,"  the 
bluish-black  fellow  of  the  protuberant  lips,  the  flattened  nose,  the  stupid 
expression,  and  the  short  early  hair,  with  the  tall  bronze  figures  from 
Dark  Africa,  with  which  we  have  of  late  become  familiar,  their  almost 
fine-cot  featores,  slightly  arched  nose,  long  hair,  etc,  and  you  have  an 
example  of  the  problems  pressing  for  solntion.  In  other  respects,  too, 
the  genuine  African  of  the  interior  bears  no  resemblance  to  the  accepted 
negro  type  as  it  figures  on  drag  and  cigar  store  signs,  wearing  a  shabby 
stovepipe  hat,  plaid  trousers,  and  a  varicolored  coat.  A  stroll  through 
the  corridors  of  the  Berlin  Museum  of  Ethnology  teaches  that  the  real 
African  need  by  no  means  resort  to  the  rags  and  tatters  of  bygone 
Gnropean  splendor.  He  has  precious  ornaments  of  his  own,  of  ivory 
and  plumes,  fine  plaited  willow  ware,  weapons  of  saperlor  workmanship. 
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Nothing  ■or«  bwntifpl.  fer  instaiwe,  esa  be  nogiaed  than  ma  ii— ci=> 
earetallf  voand  round  with  stripe  of  Mrtel.  Ae  hemJle  mm mml  v-rj 
snake  skin. 

Woif.  W"KBMnn.  Foggg  in  Ae  aowth,  Sch^mn&rth  nad  Jrako-rn  im 
north.  Jastlj-  deainnd«d  -  What  sort  at  cirilizaSiaa  is  tkie  ?  Wkeaa 
dow  it  coBe*" 

For  jenn  I  hnn  been  ocenpied  vith  Ae  ptahl^ns  of  tbe  i  inliinii  : 
tiM  AAtcnn  nations:  ttat  in,  the  histofy  of  Afticnn  n^nhjmxMMt-  an: 
loDg  the  ori^D  of  the  peculiar  dnKzntion  of  the  Con^  Baaia  '——*-- 
■e  as  tbe  ino«t  di^alt  of  all  the  -ii 
the  aolatkn  had  beoi  fonnd  a  first  esaaj  waa 
Min^iloDgen  1S97.  Parts  S  and  XI ,  whm,  I  hope,  b^  the  wj. 
eDotinnatioD  vill  shortly  be  pablished.  Ib  this 
of  Afrkan  cnlnue  were  snbjected  to  an  eT^Mtaitinn  as  to  Eb«r  m*- 
stJtDent  eJein«flts.  the  eompositioD  of  each,  i 
The  artias  of  distribodoD  ofeienieDtBof  the: 
on  charts,  and  it  was  inad«  to  appear  Oat  et^nentB  of  thir  sb^k  or'iga 
were  of  e<|iial  rangK.  With  regard  to  the  affinity  tf  the  tir^mat^  -<f 
African  civilization,  the  new  and  astoaiahing  bet  at  sheir  KsKtv^ 
Negrito  relationshtp  was  establLshed.  Once  aaij  a 
to  before,  by  Friedrii-h  Baczel  in  hi*  wdl- 
wbere.  h-twerer.  the  coo5e(iQeDc«s  foUowing  fnm  it  -w^x  nac  Osond. 

Tbe  article  Wi^s  mi^iutderstoad  in  Tarioos  waj^  The  da^y  pians  n«  < 
bold  of  tbe  Kuner.  aiid  credi»d  Be  with  the  t*-"—  thas  Ka^ys  tr 
hvicg  in  Weet  Afirka.  The  EMt  that  the  Malai^^Scgrraa 
ocdetined  wiis  takes  jisiss.  ttc  It  thaeJit  se 
tbe  wLv>!e  stateccect  briedy.  It  bosI  be 
in  r«c^niujic'9  M:rtei:=z<»  w^  bat  Ae  beginning  of 
tieticife.  ;be  »^~!i::a.id<.'v.  of  whieh  wiE  appa 

Tbe  .;ue6d<'::  ci'=«rT^f  "he  origin  of  the 
of  Airiv-A  «3  C'H  S;  *<'I«»si  wiihdat 
Afiiv-A^  >:ivCLa&  c  :=  f^n.triL  and  this  in 
of  tbe  ii!:^^;:^': :  How  e-j=  ccl:rare  afaities  be  diiuBiuad! 

1.  T-e  prv>?f  '?f  cT^:T^^»  *:5s:tt-"  depeads  apaa  •aresarepcBK  4^  «v- 
ilirJCOB.  Co::4:':er>r.>:=  vM:'..vir  t>wii  colieteaad  that  ef  «*)hKs  ^biAb 
tt.at  die  *:i5;ory  of  ^'?'<t4  A=d  :&e hBtory  iif  if  ["iiitisai  hM.  i^tn  ^ 
:^ec:i:T  oc!t  i'  ;t«  K<:^^icre  in  which  fi^cB:*  of  i  i  i PT i a  iia  mb«  am 
peorles.  arv  the  cnunirv^  o^  t^etr  ^omcindings  aad  af  :a*  hi^  mb. 
Tiocj:!:  Bi  =*=  c=^T=r«  was  -iertTTd  6wn  iVicek,  iha  cK^»tw  rf  ^ic^ 
Aoero*  :ir>ci  tijs  --f  F::g'tr«L  tie  BeaaiBnaca  m  Oein^j- a  :ae 
y  ^  -■-  '^^ac'i  :=  France,  ^.^b  the  Eobb^bk  b  IbCt.vm  :^ 
=*     1^  :^*  strC  wiiA 
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Kome,  the  Benaisaance  pnt  forth  her  most  exqniaite  blossoms,  yet  the 
two  differ  in  kind.  The  variation  between  the  mothers  is  pat«ut.  Be- 
sides, every  form  of  civilization  passes  through  a  genetic  period,  a  pe- 
riod of  matority,  during  which  it  may  propagate  itself— how  widely 
Rome  scattered  her  seeds!— and  a  period  of  decay.  Civilization,  then, 
resembles  an  organic  being  in  its  development — it  is  born,  it  perishes, 
it  can  propagate  itself.  Uore  particularly  it  resembles  a  plant — it 
takes  root  in  the  soil,  and  when  its  seeds  flail  into  other  land  new  vari- 
eties sproat  up. 

Now,  the  cartographic  preeentatioQ  in  Petermann's  MitteUnngen 
tangbt  a  tact  of  primary  importance,  that  certain  culture  elements  ap- 
pear together  and  are  equally  distributed.  Thus,  in  spite  of  transitions, 
niiztoreB,  irregnlarity  of  oocorrenoe  near  the  boundary  lines,  they  are 
made  to  assame  corporeal  form  by  means  of  a  certain  anity  of  distri- 
bntion.  We  have  the  proof  that  it  is  possible,  if  only  iu  roughest 
oatline,  to  toace  geographic  position  and  extent. 

Again,  the  cartographic  method  of  ethnography  demonstrated  that, 
in  spite  of  great  variability,  the  marks  of  origin  are  indelibly  impressed 
apon  the  fVamework  of  these  forms  or  creatures  of  civilization.  In  other 
words,  it  has  been  ascertained  that  ethnographic  objects  illustrative  of 
phases  of  cultore  may  be  examined  with  a  view  to  fixing  their  descent, 
aa  we  examine  the  limbs  aud  organs  of  a  living  being. 

The  gain  is  great  which  thus  aairues  to  the  history  of  civilization 
and  of  mankind.  The  astonishing  fact  of  the  Malayo-Negrito  origin  of 
West  African  culture  proves  bow  far  &om  their  source  prehistoric 
forms  of  civilization  wandered,  and  warns  ns,  especially  in  the  case  of 
complicated  products,  not  to  talk  too  mach  of  local  discovery  of  natural 
laws,  of  independent  invention  and  origin.  It  is  becoming  clearer  and 
clearer  that  the  manifold  ramifications  of  human  culture  are  bat  the 
crown  of  a  single  race,  a  faat  which  was  repeatedly  atat«d  by  Batzel, 
but  which  could  scarcely  have  been  eutablished  with  certainty  until  now. 
The  material  awaiting  investigation  has  itself  indicated  the  way  to 
the  possible  solntion  of  the  problems.  We  have  alluded  to  the  char- 
acteristics of  culture  forms  which  make  them  appear  similar  to  animals. 
Nov,  then,  as  the  affinities  and  the  descent  of  the  latter  have  been 
recognized,  so  the  affinities  and  the  descent  of  culture  forms  are 
demonstrable. 

Scientists  have  succeeded  in  making  ont  the  genealogical  tree,  as  it 
were,  of  anim^  by  following  up  the  developments  of  the  parts  of  the 
organism,  the  changes,  under  various  conditions,  in  the  organs,  the 
modifications  in  certain  bones,  etc.  I  maintain  that  the  same  is  pos- 
sible in  the  study  of  cnltnre  forms.  Shields,  bows,  spears,  and  hnt^ 
recur,  to  be  sure,  on  every  continent,  in  all  ethnological  groups,  in 
astonishingly  similar  fijrms;  bat  closer  attention  reveals  this  similarity 
to  be  only  apparent  They  are  separated  from  one  another  by  vital 
differenoes,  reaehing  back  often  to  their  very  origin. 
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Our  flrgt  aim,  then,  Bhoald  be  to  I 
opment  of  the  prodncta  of  a  given   form  o£  i 
attained  by  means  of  cultare-anatomy,  as  Jlhutntod  m  P« 
Mitteilnngen. 

Thia  initial  step  in  the  work  of  inveetigatinK  is  basad  to  It 
desired  goal,  if  we  succeed  in  presenting  the  peealiwitj  of  the  i 
on  the  one  side  and  the  fonn  and  natoie  of  the  otgcet  am  As  « 
as  to  make  it  appear  that  the  object  grew  oat  of  tbe  i 
necesBary  conseqaence.    Freqaently  the  qnestioB  of  a 
with  the  determination  of  the  province  in  which  Ae  u 
enons.    Other  forms  of  civilisatioQ  adopt  the  object  amd 
other  material.    The  atndent  may  thori  hare  to  travel  aim 
road  again  and  again. 

After  the  elements  of  a  giv^i  form  ofciviH»atioa  Im*  t 
onltore  physiology  follows  as  a  second  part  at  t 
can  easily  be  demonstrated  that  differeoees  in  j; 
dition  differences  in  the  phenomena  of  civilizatioa.  'Sat « 
island  race  differ  firom  the  races  of  the  mainland  ia  its  bcsbs  at  ^m^faK. 
bat  it  is  peculiar  as  to  social  condttions,  weapmis,  etc  TW  puiiai 
is  oomplioated  by  the  foct  that  local  material  givaa  nae  ■•  m  a^^s  : 
utensils  and  ornaments  whose  exist«ice  is  dae  nnlrij  to  tfa»  ^HAn^ 
and  which  are  replaced  by  other  prodnets  wbea  the  ealEai*  in.  ^■■■ct'e 
is  transplanted.  The  fiHins  remain,  the  wiatetM  ck^ipaa^  am^  agi^ 
the  investigator  must  retrace  the  path  to  tte  poiat  of  dspHcCartt. 

In  the  following  it  will  be  my  oideavcw  to  mmkm  tUs  aml^m^  mw 
intelligible  by  means  of  iUnstraticmB. 

2.  Our  investigatiOD  of  eoltnre-anatnsriy  May  b«gH  witft.  Atxm 
dnm  forms.  By  &r  the  larger  part  of  Africaa  dis^  oibbr  ^  « lu; 
anwped  oat,  coe  or  both  ends  covered  with  Ude^  W*  Bard  smc  mme 
into  details  here,  and  I  do  no  more  than  slate  the  &ct  thaK  lam  ^ih 
neeian  m«Mhud  of  bnicing  drams  reanwara  <m  tte  W«at  IBmib  ^mtL 
Besides  tb«ee  eomnM>aest  dnua  forma,  ulhini  accar  ma^  «bc>bhv  « 
a  K>;;.  bewB  ronnd  or  with  an^cs;  ia  the  lattii  caaa  va^i^  ■■ii\i 
shap«d.  the  broad  sQr€aee  reatiag  «■  the  gio— d.  TW  3ai^  ^  m- 
lowcdoat  witbiDthroa^faa  cMkimBdealwaysaBthrhKvadaiAa.  Otta 
the  eleft  iscnlar^Kd  at  its  ends.  th>'i.alin,imeai  temB^Aaai^id^V' 
tnrr  in  the  dmina  of  the  Con^o.  aa  aagte 
Tht^  £smi.><Ls  »^aatin^  or  telegraph  drvaa  < 
this  r^-kss.  The  dnaac:^  covered  with  hate 
wh.'"--  -'  **■*«».  w::h  ;t*  excepcioa  at  its 
w  >(v«:  ocuj^  ia  At  Conga  Baa 

G  ie-coTvred  dr^^  an  a 

B  h  7«t2%  w  Ea^  Imii^    TW' 

^of  dh 
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"eonr  in  Melanesia  and  frequeutlj'  in  Polynesia.  Their  home  obvioasly 
nust  be  the  same  as  that  of  the  lofty  l»imboo  cane,  for  these  drama 
»re  developed  from  the  bamboo. 

The  stringed  inBtraments  of  the  Afiicans  follow  the  drums  most  nat- 
urally.    The  Atricans  possess  a  greater  variety  of  these  instmments 
tban  any  other  peoples  living  in  a  state  of  nature.    Every  foreign  form 
adopted  by  them  brings  forth  an  euormons  progeny.    We  shall  men- 
tioa  only  the  more  important  considerations,  the  most  important,  first 
of  all,  that  despite  their  love  of  moaic  the  Africans  invented  do 
striaged  instrument.    Their  wealth  of  forms  arises  from  modifications 
of  foreign  patterns,  derived  chiefly  from  India,  West  Asia,  and  the 
Malay  Archipelago;  that  is,  Indo-Chioa  or  Melanesia.    The  instrument 
from  West  Asia  resembles  the  guitar,  and  is  distingnisbed  by  a  sound- 
ing-board  covered  with  skin,  by  strings  made  of  sinew,  bait,  or  strips 
of  skin,  and  by  the  presence  of  a  peg.    It  has  spread  through  North 
A.frica  from  Senegambia  to  Abyssinia.    More  than  that,  penetrating 
farther  than  other  importations  from  West  Asia,  it  has  reached  the  lands 
along  the  Ogome  and  the  Sande.    We  note  a  preponderance  of  ani- 
mal material  in  contrast  with  the  Malayo-Negrito  stringed  instruments, 
the  original  form  of  which  is  preserved  between  the  Niger  (Ibo)  and 
the  Congo  (Bateke).     It  is  made  of  reed,  or  the  stem  of  the  raphia,  or 
bamboo  (bamboo  palm).     Several  strips  are  loosed  along  its  whole 
<  length  except  at  the  two  ends,  where  they  are  forthermore  secured  by 
rings  of  rattan  (rotang).     These  rings,  together  with  a  board  or  rod  in 
;   the  middle,  interposed  between  the  strips  and  the  reed  so  as  to  form  a 
I    bridge,  serve  to  brace  the  strips.    On  the  underside  of  the  bridge  a 
sounding-board  in  the  shape  of  a  gourd  (calabash)  is  attached.    Nnmer- 
ons  as  the  forms  are  that  have  developed  from  this  simple  instrument, 
I    they  are  all  characterized  by  vegetable  strings,  a  bridge,  a  vegetable 
sounding-board,  and  mostly  by  rattan  rings.    The  stringed  instrument 
just  described  is  the  direct  descendant  of  the  well-known  Indonesian 
bamboo  instrument.    The  area  of  prevalence  of  the  Halayo-Negrito 
features  pointed  out  is  coextensive  with  that  of  the  Malayo-Negrito 
dmiDB. 

Batzel  was  the  first  to  recognize  the  bows  of  the  Africans  as  excellent 
material  for  classification.  There  are  three  kinds.  Through  old  as 
well  as  recent  illastrations  we  are  most  familiar  with  the  Asiatic 
weapon,  consisting  of  two  limbs,  each  arched,  with  a  depression  in  the 
middle  where  the  limbs  meet.  It  is  spread  from  north  to  south,  approxi- 
mately as  far  as  the  bearers  of  Islam  penetrated  and  in  the  Nile  terri- 
tory even  tieyond  their  settlement.  Thesecondvarietyis  the  East  Indian 
weapon,  which  was  obviously  developed  here  at  the  point  of  contact 
between  the  two  chief  form's  of  the  bow,  that  is,  the  North  Asiatic  form 
jast  mentioned,  and  the  Malayo-Negrito  form.  The  typical  Malayo- 
Negrito  form  has  but  a  single  arch,  a  bowstring  of  vegetable  fiber,  a 
groove  on  the  inner  side,  and  buttons  plaited  of  rattan  or  earved  oat  of 

II  /  -  I 
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tC  Tsz  -laaEEv  or  atbcas  cmuzATioits. 

^■^  -I*  Mii  TM-  iMw«zsi$  B  pfatc  at  tbe  two  ends.  It  is  onoDei^ 
vxa  cicsiB  -n^  7^»  b«w-  prersib  vitliin  the  domun  of  WmIA: 
^B  gTjjjaaia-  IW  EaK  ladna  mtm^i^  t^'V^  on  the  otiier  he 
iff  wr  f.j»c  '>T  tfe  dvra  sad  iswud  bending  of  tbe  bov  eod^ 
faiarf  11  latf  iK^  zi  Ac  gap*  of  dte  toriUMT  covered  by  tbe  L'j 
b*^  .  A»  CBiC  Afi4  de  soatk  of  tbe  continent.  Again  wc  s«  ^ 
3lj^y-v7&qcm«  sp^icacBl  of  tbe  West  Airicans,  with  its  rattuiN 
mrjiz.  :'j  t^szjm  hmtamm,  aad  its  iMtao  ornaments,  distingniBba : 

Ta*  rUMrif  of  ibe  AAiesas  renal  three  poiDts  of  departan.  T: 
int  id  »«' n~e«t  Asiatic  naad  bockler  vith  a  protaberaiice.  ItMi»i 
fr»,>«CLiTBadeof  tbe  skins  of  the  pachydermatA.  Abysaiaisn  bortr' 
caa  wirhdi^caltrbcdistiiigiiisbed  from  those  of  West  Africa,  ctm^ 
iron  BOQDtin  Z5  of  tbe  t«o  beini;  the  sune.  Tbe  smaller  Somali  Bhidr  '■ 
pte^^ed.  To  this  date  belcrngs  one  of  the  I/ango  shields,  tbe  one  r 
tbe  c»DTVx  tora  and  of  the  size  of  a  man's  bead.  On  the  otberiidri 
Africa  Bodifieation^  from  tbe  type  were  made  in  favor  of  grest«T.vc 
this  side  in  Eivor  of  smaller  size.  Tbe  shields  of  the  western  Sod^ 
made  of  elephant's  akin,  cover  horse  and  rider.  Tbe  defensive  a*' 
of  the  Baghirmi,  and  especially  of  tbe  Nnbians,  falls  under  Uk  *•' 
groap.  The  second  primary  form  is  represented  by  tbe  Xegrito  Si' 
shield,  the  knerr  of  the  Dinka  and  the  kirvi  of  tbe  Hottentots.  T^ 
are  staffs,  sometimes  with,  but  usually  without,  handholds,  ssal- 
Africa  as  parrying  weapons.  Negrito  civiliziitlon  among  the  Aiutn> 
nans,  as,  for  instance,  in  Marsa,  etc.,  furnishes  much  better  sptav 
of  the  same.  Here  the  thickening  of  the  staff  toward  tbe  middle 
accompanied  by  a  hollowing  oat  into  a  handhold.  These  charactensv 
recar  among  the  Afriuan  Negrito  forms  only  iu  tbe  knerr  of  tbe  Dii» 
In  all  others  tbe  handhold  is  replaced  by  a  strip  of  hide  aronsd  i" 
band  and  the  staff.  The  widening  of  the  strip  bas  Jed  to  tta  i"" 
familiarly  known  under  the  name  of  Znlu  shields.  On  the  bori**'* 
the  territory  of  tbe  round  Asiatic  bucklers,  a  mongrel  typ"  "*  f'^"  ' 
tbe  Masaai  shields.  Tbe  staff  in  the  middle,  being  the  chief  d(^ 
and  serving  as  tbe  handhold,  bas  been  preserved.  HideisrepiiAa 
skin,  which  is  kept  stretched  by  means  of  a  pad  around  tbe  edp- 
slight  protuberance,  probably  to  increase  the  space  between  ^VZj 
and  the  staff,  is  noticeable.  Tbe  third  place  is  ailed  by  the  "*^^*"^ 
wooden  shield  of  tbe  Baluba,  as  Livingstone  became  acqnaioHd  I 
it  near  Shinto,  Ganiietto  along  the  Kazembe,  and  VTissaaU  "^T^fj 
to  the  north  of  tbe  line  conoectiug  these  two  poJots.  Tbe  ^''^ 
Bnkoba,  '  ^'ictoria,  is  essentially  the  same.   TW  "^ 

Wanyoir  <ikaviroDdo,  oa  tbe  otber  band,  isof '"'v 

manship  »  Ambafsh  shield  of  tbe  ^*^*°*^^v 

rattan  «  »t  of  the  Kongo  and  Saade  r»<«  <*^V 

j^  plai  -ot  (he  wooden  foaDdatioB.    We  «■  ""^ 

aEderttai  « takes  plaoe,tbatia,bwtfcB*«*i'>*' 
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rork  crradnally  dwindles  into  nothing  more  tUan  a  protection  for  the 
ist.  In  fact,  the  reason  for  the  modiflcatioa  can  be  shown.  The  wooden 
nunework  is  absent  in  the  territory  of  pointed  iron  miBsiles.  The 
neldinf;  reed  snrface  does  not  permit  tbem  to  entar;  they  glance  off 
kud  lose  their  momentnm.  Wooden  shields  with  reed  covering  reap> 
f>ear  on  the  coast  of  Upper  Guinea.  We  know  them  also  from  the  Gold 
Coast,  and  older  aoconnts  mention  them  in  the  Uberian  region.  Related 
forms  are  found  in  New  Oninea  and  the  Solomon  Islands.  Here  again 
Malayo-Negrito  affinity  is  bound  np  with  the  vegetable  material. 

The  axes  of  the  Africans  are  frequently  cbaracterized  as  being  of  the 
Bame  form  everywhere.    8ach  a  statement  is  not  in  accordance  with 
fact.     The  great  differences  among  them  become  obvious  on  a  oompari* 
son  of  the  Dahomey  ax  wil^  one  from  Bihe,  and,  again,  with  one  from 
East  Africa.    The  helve  of  the  Dahomey  ax  is  bent  forward  at  the 
Dpper  end,  the  head  being  inserted  in  the  deflected  portion.    This  form 
obviously  originated  in  the  hoe.    The  East  African  ax  is  a  smooth  ataS^ 
into  which  the  head  is  wedged  so  that  a  considerable  piece  of  the  blade 
protrudes  above.    The  handle  of  the  South  African  ax  is  bent  back- 
ward, and  is  sometimes  adcnued  with  all  sorts  of  curious  scallops  and 
ornaments.    Into  this  projection  the  tang  of  the  blade  is  fitted.    The 
blade  itself  is  of  extraordinary  shape,  taking  its  rise  in  a  little  cyl- 
inder polished  down  in  front.    Several  considerations  determine  my 
opinion  that  the  last  is  of  Malayo-lfegrito  origin.    In  other  words,  it 
is  derived  from  a  stone,  or,  rather,  a  shell  ax.    The  cylindrical  form  of 
the  head  is  the  one  occarriug  in  the  Melanesian  shell  ax,  later  stone  ax. 
In  Oceania  the  head  directly  or,  by  the  intervention  of  the  handle,  indi- 
rectly is  laced  to  the  backward  bent  helve.    The  lacings  are  reproduced 
in  the  West  African  ornamentation  with  its  peculiar  zigzag  lines.    The 
ax  forms  derived  ttom  the  hoe  are  connected  with  the  cnltivation  of 
millet — that  is,  they  are  of  East  Indian  extraction. 

The  bats  of  the  Africans  show  manifold  primary  forms.  Two  factors 
indicate  as  many  zones  of  influence.  Building  with  clay  extends  from 
the  north  to  the  Sudan  and  is  snggestjve  of  Egyptian  brick  buildings 
and  the  architecture  of  Asia  Minor,  therefore  of  west  Asiatic  influence. 
The  Kongo  Basin  and  Sorth  Guinea  are  the  region  of  former  pile  dwel- 
lings, whose  last  remaining  trace  is  easily  discerned  even  now  in  the 
peculiar  window  doors.  This  bears  witness  to  Malayo-Negrito  affinity. 
The  northern  domain,  in  which  clay  is  used,  is  gradoally  enlarging, 
while  the  sonthwestem  is  more  and  more  suffering  contraction.  Bat 
the  affinity  of  the  hat  fmrns  goes  further;  it  is  fundamental.  The  West 
and  Central  Africui  honse  is  con8tract«d  like  a  house  of  cards — of  six 
mats  made  of  palm  leaves,  two  forming  the  roof  and  four  the  walls,  all 
tied  to  one  another.  The  inside  space  is  partitioned  off  into  rooms  by 
mata  sospended  from  above.  The  Oceanian  house  is  exactly  like  this, 
only  it  is  raised  on  piles.  Often,  too,  the  nnmber  of  outer  walls  is 
ndoced.    On  the  other  hand,  the  interior  division  into  chambers  is  the 


Goo^^lc 


644  THE   OBIOIN   OP   AFRICAN   CtVIUZATIONS. 

BOine  as  ID  Africa,  bnt  occurs  more  fi-eqaeiitly.  Pile  dwellings  an  cm- 
oomitaDtB  of  a  fixed  doinicile,  or,  rather,  a  settled  mode  of  living  h . 
resDlt  of  limited  iosnlar  spaces  fit  for  habitation.  The  nomadic  batsv 
of  the  Africans  were  destractive  of  stability.  The  durable  pile  dvtri 
iog  is  therefore  declining  steadily,  and  the  simple  portable  card  boo.-' 
remains  as  the  continental  form  of  the  original  Halayo  Negrito  islux: 
bat.  U.  Frobenins  has  proved  that  the  roond  hats  show  two  modcsf-f 
oonstmctiou — the  one  exeiiiplified  in  the  Sudan  and  along  the  Nile,  tbc 
other  in  the  east  and  south.  Une  of  them  nt  least,  the  northern  fom. 
which  can  be  traced  back  to  the  tent,  is  demonstrably  of  Eiaat  Indi>: 
affinity. 

The  chairs  and  neck  rests  of  the  AfHcans  exhibit  so  rich  a  variety  »- 
forms  that  it  is  difficult  to  disentangle  the  web  witboat  illastntxn« 
and  lengthy  descriptions.  It  may  be  stated  that  tbe  Soatb  .AiHcaas. 
excludini;^  Hottentots  and  Bushmen,  show  transitional  forms  poiutiiif 
to  Oceania,  There  are  two  or  four  feet.  The  seat  is  supported  br 
figures  of  men  and  animals,  often  degenerating  into  grotettqne  onu- 
meiits.  Tlie  ueck  rests,  however,  attain  to  fall  development  only  akm; 
the  Zambesi,  and  finally  manifest  Hulayo-Negrito  sense  of  beaatyof 
form  only  iu  the  Kongo  Basin  and  in  North  Guinea.  Moreover,  in 
many  instances  it  is  questionable  whether  the  object  nuder  considera- 
tion Is  a  chair  or  a  ueck  rest.  Tbe  form  witli  one  round  foot  belongs  to 
the  whole  of  the  north. 

The  costames  of  tlie  Africans  in  one  respect  point  to  tbe  soil,  to  ^ 

means  of  support.     Wherever  iu  Africa  cattle  breeding  is  carried  otu 

that  is  to  say,  in  tbe  whole  of  Sooth  and  Bast  Africa,  fuid  in  tbe  Sndan, 

we  find  hide  and  leatlier  clothing,  except  that  in  tbe  e&Bt  and  the  nortb 

of  the  Sudan  leather  is  replaced  by  cotton.     Cotton  Is  met  with  also  id 

tbe  southeast  and  iu  the  southwest,  pointing  to  India  as  tbe  place  of 

departure.    Tbe  eastern  must  be  added  as  the  last  of  tbe  cotton  areas. 

In  the  west,  on  the  other  hand,  that  is,  in  the   Kongo  Basin,  the 

fabric  that  predominates  is  made  of  palm  fibers,  a  phenomenon  of 

Malayo- Negrito  origin.    Two  small  enclaves  ou  the  east  side  indicate 

how  tbe  manufacture  of  these  tissues  reached  AfHca.    The  path  of  dif- 

fnsiou  of  a  fourth  materia),  that  made  of  bark,  is  stall  more  evident 

There  can  be  no  other  explanation  for  the  two  broad  strips  of  terribwy 

on  which  it  occnrs,  extending  from  the  east  coast,  the  lake  and  forest 

region.    In  patches  of  territory,  here  and  there,  bark  fabrics  occor  ui 

tbe  Sudan  too,  bnt  they  prevail  to  the  exclusion  of  all  others  only  in 

i  Kongo  Basiu.     In  the  sontlieni 

other  materials.    Ou  tbe  western 

9  and  along  theVolta,  bark  tissaee 

s  Islands  they  were  ouce  common. 

bark  fabrics  of  Africa  with  the 

es  of  Oceania  is  (Wvored  by  tbe 

material  are  planted  and  tended 

villageB. 
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3.  The  iuvestigatiOD  into  cnlture  physiology  may  proceed  fh>ni  tlie 
proposition  that  all  the  Malayo- Negrito  elemeota  discassed  above  are 
distribntod  esBeDtially  over  the  same  area.  The  Bolid  tract  of  territory 
covered  by  tbem  lies  in  the  Kongo  Basin,  extending  aoathward  to  the 
Zambesi  Valley,  northward  to  the  loads  abont  the  sources  of  the  Shtui, 
and  eatttward  to  the  East  African  area  of  depreBsion.  Id  the  north- 
west the  area  of  Malayo- Negrito  elements  continaes  along  the  Guinea 
coast  into  Senegambia,  but  the  limits  cannolongei  be  determined  with 
certainty.  In  the  coarse  of  thelaet  few  eentaries  Semito-KegritoesfVom 
the  interior  and  Bnropeans  from  the  coast  have  either  brought  aboat 
complete  destruction  of  native  cnlture,  or  etTected  far-reaching  changes. 
ITpon  the  diffasioa  of  culture  elements  of  other  affinities  we  shall 
expatiate  later. 

Outside  of  the  unbroken  domain  of  Malayo-Negrlto  caltare,  phe- 
uomeDa  of  the  same  kind  and  descent  occur  in  disconnected,  widely 
separated  regions  all  over  Southeast  and  Bast  Airica.  On  the  one  hand 
-we  are  reminded  thereby  that  culture  elements  other  than  those  of 
Malayo-Negrito  origin  are  found  within  the  area  of  distribotion  claimed 
for  the  latter.  These  non-Malayo-Negrito  elements  either  are  found  in 
enclaves  of  exclusive  occupation,  pointing  to  the  iact  of  recent  immigra- 
tion, or  they  appear  in  fraternal  association  with  the  Malayo- Negrito 
elements,  which  in  this  case  have  been  thoroughly  interpenetrated  with 
A&ican  elements,  and  have  completely  absorbed  them.  On  the  other 
band,  the  occurrence  of  objects  of  Malayo -Negrito  origin  outside  of 
'  their  west  African  central  abode  indicates  the  extent  of  their  former 
distribution,  or  the  path  of  migration. 

In  itself  the  fact  of  agreement  in  form  between  certain  or  indeed  ^1 
of  the  objects  iu  use  in  West  Africa  and  those  of  Oceania  is  not  con- 
vincing proof  of  their  cnlture  affinity.  But  likeness  of  anatomical 
origin  coupled  with  the  outlined  area  of  distribution  is  evidence  not  to 
be  gainsaid.  Slowly  progressing  contraction  of  the  area  of  distribu- 
tion until  it  is  narrowed  down  to  »  border,  or  strip,  in  the  west,  together 
with  isolated  remains  iu  the  monntains,  near  the  mouths  of  rivers,  or 
in  other  out  of  the  way  places  not  readily  inundated  by  waves  of 
national  migrations — this  is  the  characteristic  of  the  present  zone  of 
Halayo-Negri to  civilization  in  Africa. 

And  this  area  of  distribution  proves  not  only  the  path  along  which 
Malayo-Negrito  civilization  traveled,  but  also  that  along  which  other 
civilizations  made  their  way.  By  the  same  side,  in  all  probability, 
entered  trom  India  the  nse  of  iron  and  the  cultivation  of  millet  and 
cotton.  The  spread  of  these  elements,  pressing  forward  victoriously 
from  the  East,  is  an  eloquent  witness,  when  we  remember  that  the  East 
Indian  bellows  are  not  found  among  the  southwestern  tribes.  The 
descent  of  Semitic  or  Semito-Negrito  culture  from  the  north  into  the 
interior  has  been  overrated.  The  centers  of  culture  in  Africa  along  the 
Mediterranean  have  never  contributed  elements  of  profound  or  vital 
ioHuence  to  the  native  Africans.    The  reason  is  that  the  north  coast,  L-, 
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with  the  exception  of  Egypt,  bo  voefdlly  limited  in  extent  of  terrttocy. 
never  developed  a  civilization  pecnliarly  its  own,  becanse  it  lacked  k 
binterland.  The  Sahara  interposed  its  desert  bwrier.  Mediteiruieai 
forms  of  oiviliEation  failed  to  exert  influence  npon  the  Sadan  races  6i 
the  same  reason  that  the  Hottentots  lacked  many  an  Africa  demm 
of  Bast  Indian  civilization.  In  the  latter  case,  too,  a  Sahara  interims 
the  Kalahari  Desert.  The  east  side,  Uien,  is  the  open  door  of  t^ 
African  continent.  If  it  vas  so  hard  to  penetoate  to  the  interior  froa 
the  west,  while  the  east  side  never  offered  real  difflcnlties,  it  was  becasw 
advance  from  the  west  was  taDtamonnt  to  "  swimming  against  the  tidf.' 
So  the  pictore  of  the  contraction  or  repression  of  the  area  of  Malar^ 
yegrito  calture  dispersion  as  a  mechanical  process  stands  clearij 
revealed  before  as. 

Bat  the  essential  factor  in  these  processes  lies  deeper,  in  th«  natatt 
at  the  civilization,  in  its  pbyaiologic  stnictnre.  If  we  oonaider  tkt 
pecnliarity  of  the  Halayo-Negrito  coltore  elements  dependent  apa 
the  material,  we  see  vegetable  sabstances  everywhere.  Witnea 
the  shields,  the  bow,  t^e  dmma,  the  stringed  inatmmeuts,  the  cos- 
tames.  Bat  the  prominence  of  vegetable  material  in  all  the  manifttifr 
tiona  of  Malayo- Negrito  coltare  is  less  noteworthy  than  the  lad  tt 
animal  substances.  The  only  exceptions  are  shells,  flsh  bones,  faatitea. 
and  lizard  skins,  that  is  to  say,  material  of  minor  consequence,  snch  u 
is  within  the  reach  of  all  island  races.  On  the  other  hand,  look  at  tk 
coltore  forms  of  East,  North,  and  Booth  Africa — everywhere  deiddedlj 
preponderating  ase  of  hides,  sinew,  hair.  We  can  discern  the  de^Kf 
law  of  the  distribution  of  these  two  forms  of  civilization;  wfaerenr 
Ualayo-Negrito  culture  still  exists,  cattle  breeding  is  not  carried  on  ti 
any  great  extent.  (Goats  need  not  enter  into  the  accoont.)  Howerv 
we  have  not  yet  reached  the  fundamental  explanation. 

An  examination  of  Malayo-Negrito  characteristaos  with  a  view  fai 
origin  and  development  points  to  definite  plants.  It  is  not  possible 
for  me  to  sobstantiate  this  statement  here,  lacking,  as  I  do,  space  and 
illDBtTatittns.  Among  weapons  the  bow,  among  smokiug  utensils  tlie 
Molayo-Negrito  pipe  indicates  evolution  from  the  bamboo.  Una 
material,  which  plays  so  gigantic  a  rdle  in  the  economy  of  Halayo- 
Negrito  Oceania,  is  replaced  in  Africa,  often  very  inadequately,  by  i^ 
of  fcanana  leaves  and  leaf  stems  of  the  bamboo  palm,  or  Raphia  vinifen. 
Si  1)6 
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diey  paased  formoneysolateastbe  timeof  the  first  Europeau  arrivals; 
on  tlie  apper  Itori,  Stahlmann  found  them  used  as  jewelry,  aud  we  are 
familiar  with  similar  ropes  in  Loango  aud  on  the  Kongo.  So  we  have 
tbe  remains  of  island  civilization  on  the  mainland.  Bat  the  island  and 
flBlierman's  civilization  of  Oceania  has  beqneathed  many  anothw 
lesacy  to  the  Africans.  One  of  them  is  pile  dwellings,  whose  degen- 
eration on  the  continent  we  have  referred  to.  The  present  discnssion 
enables  us  to  understand  their  alow  disappearance.  Finally,  the  cnl- 
tore  of  a  fishing  commnnity  is  on  all  sides  characterized  by  mesh  work. 
The  well-known  nets  carried  by  the  men  of  Kew  Goiuea  recar  iu  the 
caltnre  of  West  Afiica.  In  New  Guinea  the  net  is  used  as  clothing, 
and  in  the  whole  of  West  Africa  we  hear  of  the  netted  jerseys  of  the 
diBgaiaeA. 

If,  on  the  other  hand,  we  devote  attention  to  the  natnre,  the  physio- 
lo^c  stroctnre  of  the  caltnre  forms  adjacent  to  the  West  Airicwi 
culture  area,  we  shall  recognize  the  significance  of  the  continental 
civilization.  In  the  first  place,  the  breeding  of  cattle  exercises  deep 
inflnence  upon  the  compass  and  intent  of  culture.  The  remarkable 
migratory  life  of  the  Africans  is  explained  by  the  half-nomadic  ocoa- 
pation  of  cattle  herding.  Their  food  consists  mainly  of  fiesh.  On  the 
other  hand,  it  is  a  fact  generally  overlooked  that  the  West  Africans 
ou  the  whole  are  vegetarians.  Pnrthermore,  the  institutions  of  the 
family  and  of  the  state  among  the  real  Indo-Africans  or  Indo- Negritoes 
point  to  the  patriarchate,  a  phenomenon  concomitant  with  cattle- 
breeding,  which  is  opposed  to  excessive  crossing.  In  the  West  African 
circle,  again,  the  matnarchate,  the  family  grouping  that  obtains  among 
island  races,  hence  among  the  Oceanians,  is  possibly  to  be  classed 
among  Malayo-Negrito  characteristics,  iu  particular  when  accompanied 
by  exogamy. 

The  very  views  of  life  entertained  by  the  two  groups  show  similar 
opposition  in  their  physiologic  essentials.  Bestless  uomads  are  seldom 
reminded  of  their  past;  hence  the  tendency  toward  the  worship  of 
manes  aud  of  ancestors  is  slight  among  them.  Ou  the  other  hand, 
turn  in  what  direction  they  will,  island  races  encounter  traces  of  their 
fonner  life.  The  natives  of  Oceania  know  some  tale  to  tell  of  every 
locality;  likewise,  the  mythology  connected  with  manes  flonrishes  in 
West  Africa. 

Thus  the  features  of  division  and  of  anion  stand  out  from  the  gray 
bactgrouod.  For  Africa  is  a  continent  like  unto  itself  alone,  and  it 
eieroises  leveliug  power  like  none  other.  At  a  casual  glance,  then, 
African  forms  of  culture  may  seem  to  differ  but  slightly  from  one 
another.  But  our  study  of  the  manifestations  of  life  proves  that  cycles 
of  thousands,  yea,  of  hnudreds  of  thousands  of  years — for  thus  only 
can  we  properly  espress  our  ignorance  of  how  time  must  be  computed 
in  each  cases — have  not  succeeded  iu  obliterating  the  identity  of  origi- 
nal forms  and  traits. 
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It  wjLiC  bf  iic^r^vcr  iv  <«ai»ert  ^cfjJB*  eaten*  diractl^  and  cl^ 
■ferr«c:-T  TTii  UK  M-c^iZiHc  cra^ — A*  fitde  ;<dl^  taee  of  PTirxr; 
Tbeae  &c-l.aKs  1uit«  «mjTimt  JBu^ttJ  Ae  ctriluatiHia  af  ut: 

^i.^jsi  <•'  - N^r^n^A-''  ill  eac^  iiiiMiaii  nasi  befiew  to  be  la  meat.  \ 
»Mi'>:  wT.L  ti>*'  l».-»  «f  :)>e  can.  Ar  «huna  Afiin  kas  beca  snbjnc- 
to  :i.£3«^t««  fr>>s.  Asu  and  OenBia  thov  has  beta  aa  adKixtait 
SejeTTto  *r::I:i:re.  Tbe  iiLjiortaBee  «f  Malvya-Sc^TTto  caltnre  will  • 
tvjiiS.A*ii*A  iirt-ATLUr.  Eact  ladiaa  ipherw  ^  caltare  in  tbe  p«r.>  i 
\itVfn  itw  ri-«  ven  o^tTknuJj  iapngaated  vitk  daaents  of  Matan-  I 
y^ip-ito  exiT3<.-t:oQ.  Bat  y<Ktk  ASnam  eahatc  eleneats  all  pout  i  . 
reeiproeal  nrlatJons  with  the  ccmtiBcat.  ! 

Wbeo  we  erime  to  tbe  rofuideratioB  of  Malajo-Segnto  cattara.  i 
gbitiee  at  forei^  i«UtioDS  is  neeeamy.  la  tbe  article  to  Petemann'' 
Mitteiluugtru.  Part  IV.  tbe  atteapt  was  Made  to  giTia  a  eartt^raphx 
r«{frefieiit^tionof  tLe?«afliDiliea.  TbreezoneSf  <»  belts,  are  distingoisk 
abl«.  Tbe  HontLeranKj^t  embraces  Aastraliaaad  tbeaoatfa^n  point  of 
Africa.  Here  Malaj-  jodaenee.  tboogfa  slight,  is  nnmistakable,  bst  Ik 
aiDHpicu'mH  fart  ix  tbe  preponderaaoe  of  Xegrito  eoltnre  elemeatB.  It 
Ik,  tlierefore,  tbe  region — peHiape  the  "  region  of  remaiDS" — of  tbe  old 
M«grito  civilization.  The  zone  &rtbeet  north  is  defined  nstnndlj-  bf 
t)i<f  lingiiJHtic  ariiforniity  of  all  the  races.  It  inelodes  the  Horse  oT 
MadftKafHiar,  tfae  Indonesians,  Hivrooesiaas,  and  Polynesians,  beoeeis 
the  (lomiiin  of  young  Malay  d^ilization.  The  third  of  the  MalayO' 
NeKrito  zoiien  lie»  between  tbe  other  two,  and  comprehends  tfae  West 
Africans,  tbe  We8t  Malagai'sss,  some  Indonesians,  the  lesser  Sonds 
lalatids,  the  MoluccaA,  and  the  Melanesians.  It  is  the  territory  witiiiD 
which  but  one  race  buH  been  crossed  with  another. 

Tbi)  sitnatirm  of  thetie  three  zones  is  the  key  to  onr  problem,   Yoath. 
L  hence         ^^  language,  is  the  characteristic  of  the  northern  toot; 
i)y  repression  fi  tbe  very  limits  of  settlement,  is  the 
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mark  of  the  sontbern  zone.  The  middle  belt  ia  at  once  the  richest  and 
^^e  most  uniform.  It  bears  neither  the  senile  expression  of  the  Negrito 
zone  nor  the  yontbfbl,  impetaons  character  of  the  Malay  zone,  but  that 
Impressed  by  a  great  and  serious  past 

In  addition  to  the  above,  v%  mast  bear  in  mind  the  situation  and 
Anrroandings  of  the  first  soarce  and  center  of  Malay  culture  forms;  that 
is,  Malacca,  or  more  properly,  perhaps,  ludo-Ghina.  The  reader  will 
permit  me  to  point  out  a  remarkable  parallelism.  As  Farther  India 
tlirusts  out  its  elongated  form  into  a  sea  of  islands,  opposite  to  which 
is  a  continent,  while  a  peninsula  of  firmer  outline,  East  India,  lies  on 
the  vest,  so  Greece,  opposite  to  Egypt  and  to  the  east  of  Italy,  sends 
its  point  into  an  archipelago. 

History  proclaims  the  important  bearing  of  the  peculiar  geographic 
position  of  Greece  and  Italy  upon  coltnre,  yet  sorely  the  history  of 
Mediterranean  civilization  neither  began  witii  Egypt  nor  ended  with 
Rome.  If,  then,  we  speak  of  the  civilization  of  the  Middle  (Mediterra- 
nean) Sea,  we  may  equally  speak  of  the  civilization  of  the  Middle 
(Indian)  Ocean.  In  intercourse  with  Egypt,  Greece  rose  to  supreme 
position  as  a  civilizing  and  colonizing  power,  covering  the  central  and 
eastern  shores  of  the  Mediterranean  with  its  stations.  A  like  point  of 
view  givos  ns  a  clue  to  the  coarse  of  Malayo-Xegrito  culture,  whose 
inflaence  is  demonstrable  on  all  the  shores  of  the  Indian  Ocean.  Malay 
caltnre  acquired  the  faculty  of  spreadiug  to  so  great  an  extent  that  it 
entered  into  alliance  with  Kegrito  culture  as  Greek  intermingled  with 
Egyptian  civilization.  The  rise  of  every  form  of  civilization  is  preceded 
bysomesach  impregnation.  To  avoid  misapprehension,  I  emphasize 
the  fact  that  the  yonng  Malay  civilizations,  characterized  by  liugnistjo 
sameness,  owe  their  r^aveoatiou  to  a  recent  epoch. 

This  comparison  of  geographic  positions  famishes  a  clue  not  only  to 
the  spread  of  Ualayo- Negrito  civilization  as  far  as  West  AMca,  bnt 
also  to  that  of  Indo- Negrito  relations.  The  ancient  civilization  of  India 
may  properly  be  compared  to  that  of  Bome.  The  culture  that  brought 
the  Africans  millet  and  iron  was  solid,  practical,  robust  in  every  respect. 
Finally,  with  regard  to  Semito-Kegrito  civilization,  I  should  like  to 
utter  a  caution  agaiust  overestimating  it.  In  the  materiul  products  of 
civilization  its  inflneuce  is  barely  traceable.  It  introduced  neither  the 
plow  nor  solidly  built  houses  to  the  pait  of  the  continent  that  is  gena- 
inely  African,  yet  this  should  have  been  the  task  of  the  Semitic  culture 
E^nta.  Whatever  they  have  imported,  snch  as  the  straight  sword,  the 
double-limbed  bow,  the  round  shield,  etc.,  did  not  penetrate  far  to  the 
south  and  was  not  original  with  them. 

In  closing  this  article  1  beg  leave  to  state  its  purpose  emphatically. 
It  was  written  not  to  array  arguments  substantiating  the  correctness 
of  certain  new  points  of  view,  but  to  sum  up  these  points  of  view  in 
s  brief  presentation.  If  I  have  succeeded  in  showing  how  the  new 
method  should  be  wielded  and  what  sort  of  results  can  be  reached  by 
its  application,  it  has  fulfilled  its  purpose.  ~  noQ  \c 
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DOGS  AND  SAVAGES.' 


By  Dr.  B.  Lakokavsi.,  Hamburg. 


IMTBODUCTORT  NOTE. 

In  aabmitting  to  the  readers  of  this  joomal  the  resnlts  of  my  Btodies 
upon  the  relatioos  betweea  savages  and  the  most  important  and  widely 
diffused  of  onr  domestic  aoimals,  I  shall  cite  the  aoorces  of  myiaforma- 
tion.  Of  the  114  longer  or  shorter  papers  and  notices  that  I  have 
written  daring  the  last  fifteen  years  coDcerniog  the  dog,  22  treatof  the 
Asiatic  races,  4  of  the  African,  11  of  the  American,  i  of  the  Anstral- 
Polyneaian,  the  remainder  of  the  fiaropeao.  In  all  these  papers  my 
principal  aim  was  to  determine  the  different  races  correctly.  What- 
ever I  have  gathered  daring  this  period  from  the  widespread  litera- 
ture of  geology,  ethnology,  and  zoology  concerning  the  relations 
between  dogs  and  savages  will  be  presented  briefly  in  the  following 
pages. 


The  oft-raised  qaestion  concerning  the  original  home  of  the  dog  is, 
so  far  as  onr  knowledge  reaches,  well  answered  by  the  remark  of 
Alfred  Nehring,*  that  "onr  most  important  domestic  animals  have 
generally  no  single  home,"  a  saying  that  might  in  a  certain  sense  be 
paralleled  by  the  old  tradition  of  the  Flatbeads  and  others,  that "  when 
the  son  of  the  Sun  came  to  earth  he  was  accompanied  by  a  dog."' 

The  dog  has  been  scattered  over  the  entireearth  for  an  immeasurable 
length  of  time.  Only  in  a  very  few  localities  is  he  entirely  wanting  or 
very  rare.  Of  these  I  have  spoken  at  length  in  a  paper  published  in 
the  joarnal  Der  Hund  of  April  1,  1886,  and  I  will  state  here  what 
has  since  become  known  to  me,  as  it  is  important  for  the  later  discus- 
sion of  the  question.  In  Asia  the  dog  is  very  rare  at  Tarim,  according 
to  Prschewalsky.*    At  Flores  dogs  and  horses  are  so  seldom  seen  that 

'  TruiBlated  from  the  Internationalea  Atchiv  far  Ethnographie,  Bd.  VIIl,  109-U9. 

'Zeitwbr.  fi»  EthnologiB,  XX,  230. 

■Lord,  The  Naturalist  )n  Vanooaver  laland,  II,  210. 

'Petemwiui't  Eig&uiongsboft  No.  &3,  p.  13. 
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at  sight  of  them  the  natives  seek  refoge  in  trees;'  and,  aocordin^  r 
Dr.  Glaiis,^  a  aimilar  fear  is  shovn  by  the  Soath  Americao  Say^s.  I: 
Kagararaa-Shima  (Liukia  Islands)  there  ue  neither  hares  nor  wiL 
pigs,  on  account  of  which  the  people  have  no  need  for  hantiD^  dogs: 
the  same  is  the  case  at  Uinicoj'',*  in  the  Haldive  Islands,^  at  Bonmii. 
in  the  Persian  Gulf,"  and  on  the  island  of  St.  Lawrence,  as  K'orden^ 
shiiild  tells  ub.'  In  Sonth  America  no  dogs  are  fonnd  with  the  Baksir. 
Manitsanas,  and  Bororo;'  in  Africa  there  are  none  on  the  OontMRt 
Islands,"  nor  are  there  any  among  the  old  Tasnianians.'"  In  aacieiii 
times  none  were  allowed  on  the  island  of  Delos."  Crawford  uontn>- 
verts  the  statements  of  Ritter,"  Lassen,"  and  Kolenati "  concerning 
the  absence  of  Canidae  in  western  India.'^ 

Osseous  remains  of  dogs  are  fonnd  in  that  stratum  of  the  eartb's 
crust  from  which  we  obtain  information  coocerniug  men,  ^imals,  and 
plants  that  existed  long  before  the  historical  period.  Prebistorieal 
discoveries,  chiefly  in  Europe,  show  ns  the  dog  already,  at  that  time, 
affecting  and  influencing  in  various  degrees  the  life  of  man.  Deep  \ 
scratches  made  by  knife-like  Instromeuts  found  on  the  bones  of  yoon; 
and  old  dogs,  bones  broken  in  pieces,  skulls  cracked  with  stODes  to  get 
at  the  isweet  tasting  brain,  lead  ns  to  recognize  these  relics  as  food 
rejects,  and  I  might  now  afhrm  with  still  more  ground  the  view  I  pub- 
lished in  Ausland  '^  fourteen  years  ago,  that  mao,  during  the  first  stage 
of  his  earthly  wanderings  in  a  constant  struggle  for  existence,  nbtaioed 
control  over  the  dog  as  over  other  animals,  merely  for  food  porposci. 
The  food  questiou  is  the  chief  one  both  for  animals  and  man ;  ■'  even  al 
the  present  time  anthropoid  apes  and  the  lowest  races  of  people  sbov 
that  tbey  can  live  on  fruits  and  roots  of  the  woods  and  fields,  od  inseeta 
(caterpillars,  crickets,  locusts,  ants,  larvae  of  every  kind),  worms,  miu- 

'  Zeitachr.  der  Ges.  f.  ErdkaDd«,  B«rlfD,  XXIV,  113. 

•  Deatache  Geot^r.  BlJitter,  1889,  226.  , 

'Milth.  der  Deatach.  Gob.  f.  ^ata^- and  Yolkerknnde  ia  Ostasien,  H.  24,  IgJl, 
pp.  142, 146. 

•Petorm.  Mitlh.,  1672,  397. 

>AD8lsDd,  1887,763. 

"Nutur,  1893,273. 

'  UmaeKeluDg  Asiens,  II,  245. 

'Karl  V.  A.  Steineu,  Durch  Central. Bras iliene,  p.  390;  Unl«r  den  Natarrolkani 
Central -Braslliena,  p.  483;  Bodenber^s  L)eiiUob«  Runilschan,  1  October,  18S2'  Zod. 
Garteu,  1889,  103;  Verht.  der  Gesel.  f.  Erdknnde,  Berlin,  XV,  »7fl;  R«Tne  Colonish 
iDternat..  Ill,  536. 

-AoBland,  1887,  509. 

'■■Erzherzog  Ladwig  Salvator,  Hobarttown,  p.  16. 
"  Strabo,  ed.  Kramer,  vol.  II,  p.  418,  14. 
"EriJknnde,  V,  258. 
i^nd.  AltertliimakuDde,  I,  301. 
■■  HocharmeDieu,  p.  86, 
>"Hiet.  of  Ind.  Arrhipelago,  p.  428 
<■  1881,  658,  ao<l  after  tbat,  GarMi  '4. 

"LoniB  Bonrdeau,  Conqu^te  du  n 
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selB,  lizards,  etc    Wbere  uecessity  requires  it,  there  is,  an  is  too  often 
forgotten,  notliinff  straDg;e  aboot  this.    The  oatare  of  man  ia  Bach  that 
he  mast  either  pr«y  on  the  animal  world  or  perish  ftt>ni  want,  hnnger, 
and  cold.    As  soon  as  be  learned  to  ase,  for  defense  or  attack,  other 
weapons  tban  his  own  limba,  be  most  hare  began  to  bring  the  dog 
nearer  to  him  as  his  helper  in  the  stmggle.     From  the  earliest  stage 
when  the  dog  was  used  merely  as  food,  the  custom  of  eating  him  in  one 
way  or  another  has  Burvived  among  a  great  nnmber  of  peoples;  and 
tbe  nnmber  of  dog-eating  races  of  which  I  published  a  list  in  18S1  oonld 
DOW  be  easily  increased  to  200,  although  there  woald  then  be  included 
Buch  tribes  as  have  been  compelled  to  adopt  tbe  cnatom  from  hanger 
or  beiiaaae  of  hostile  neighbors.    When  Fr.  Ratz«l '  remarks :  "One 
may  assert  in  general  that  man,  in  tbe  lowest  grade  of  civilization, 
always  first  gratifies  his  pleasures,  and  only  takes  ap  asefal  things 
when  necessity  drives  him  to  it;  thus  we  see  the  dog  an  his  only -con- 
stant companion   at  a  time  when  his  use  was  very  limited,"  be  is 
speaking  of  a  certain  stage  of  civilization  like  that,  for  instance,  of  the 
Gbarabtans,  who  domesticate  divers  animals  for  amasement.'    Specially 
gifted  men  may  early  have  attempted  the  exhibition  of  animals,  as  we 
read,  not  to  mention  early  European  sources,  in  Maury's '  report  oo  tbe 
Tcbonde  in  southern  Russia  and  Siberia.    Waitz  (YI,  ISG)  mentions  a 
dance  in  which  adults  introduce  dogs  iu  order  to  teach  boys  to  acquire 
control  over  them,  and  this  may  perhaps  be  considered  a  survival  from 
that  distant  time  when  men  strove  by  means  of  cunning  (traps)  or 
arms,  to  capture  these  animals.  ' 

It  is  a  noticeable  fact  that  may  be  explained  to  some  extent  on  pbyto- 
genetic .grounds  that  the  primitive  dwarf  peoples  bad  but  one  domestic 
animal,  the  dog.  Tbe  Bataa,  from  Lnbi  to  Taganyika,  have,  with  tbe 
exception  of  a  few  fowls,  no  domestic  animals  but  the  dog,  and,  indeed, 
one  of  the  remaining  breeds  of  AfHcan  dogs  is  a  quite  serviceable, 
well-marked,  greyhoand-like  8i>eGie8,  very  mach  used  for  hunting.* 
The  Bushman  has  no  other  animals  than  the  dog  and  the  loose,  and 
only  the  first  is  possessed  by  the  dwarf  like  Veddahs  of  Ceylon,  and  tbe 
Negritos  of  the  Philippine  Islands.  The  high  relative  standing  given 
to  the  dog  by  all  these  peoples  is  explained  at  once  by  their  occupation 
of  hnnting,  which  early  oaased  them  to  consider  tbe  most  suitable 
animal  for  the  chase,  which  therefore  limited  their  domestication  of 
animals  to  tbe  dog,  who  thereafter  had  no  rival  with  whom  to  share 
his  master's  care  and  attention.  The  most  significant  fact  shown  by 
this  continued  limitation  is  that  stocks  of  a  certain  culture  stage 
remain  stationary  at  this  point    As  the  dog  is  the  oldest  domesticated 

'VSlkerkoude,  I.  57. 

'Vctbl.  d.  Geo.  t.  Erdk.,   BeHia,  XVI,  iHS;  nUo   v.  M&rtlae,  E)«itr.  znr  Etfauo- 
gnpbid,  I,  17. 
'Awhiv  f.  Anthnip,     HI,  366. 
•Z»itM>hr.  d.  Om.  f.  Erdk.  Berlin,  XXVUI,  113,  et  uq. 
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la  thomt  pla>F«s  vkete  iog-tatiag  i 
awl  Cat  dogs  are  eoMide 
Uw  fomag  yupfim,  and  oaly  too  freqocatfy  Itave  ti*  ■«!«■«  aea^  J***^ 
■oUmvs  fire  thcai  tbe  breast.    naa,u  NevGnuek'  aad  m  .A.iitfiac. 
the  Cuber  ereii  kiUi  his  crva  rkOd  tkat  tke  aioChar  Bay  erv«  «vt  a 
a  poppf.  and  swOar  caMS  kara  beiB  oftca  Bated*  at  Taluti.'  Hsvac. 
aad  tJw  Soaetj  lalwda.*    In  appo-  Bwma,  ia  1879,  Jotmt  amv  u  tk 
bazar  io  Tha  jetayo  a  joosg  B«nnB  giri  aaniajr  at  one  breast  horovi 
olbpnng,  at  tbe  otfaer  a  SHall  dog,  aad  in  Maadalay  be  «-as  asaand 
that  f  ooop  motbRs  reckon  it  an  booor  to  gire  anck  to  litrtr  ^■iiite  tit 
piaabt;  that  tbe  AiDn  vobmb  of  Tezzo  aiirae  little  bears  in  the  Baac 
w»7  is  well  known.*    Wiaogel*  was  tbe  witueas  of  an  ineid^t  ia  tb 
polar  re^oK  siiailar  to  tbat  wbich  Joeat  saw  in  Burma.     Tbe  wosta 
ot  tbe  Paomaris  in  Pern  norse  d<^B  and  monk^^  as  do  those  of  Ihilck 
Gniana  and  otben.'    In  Gran  Cfaaeo  tbe  women  winingt}-  nurse  yoaa;    i 
dugii,  but  never  moAerless  babies.*    Freqoeatijr  tbe  revorse  oooditita 
exiHt« ;  for  ezanple,  Chinetse  women  of  Jara  giye  tbar  childreo  fnaiiV 
dngs  from  which   to  nnrae.*    •     >     •     But  tbe  dog  is   handled  tai 
well  cared  for  not  only  in  tboee  rt^nons  wbere  be  is  an   impartaot 
arti'tle  of  food,  bnt  HtHl  nM»e  freqnently  wb^i  be  is  a  helpfdl  hnnta; 
companion,  as  with  the  Wagandas."    Hie  8billnk  never  treat  tbar 
dogs  badly;  neither  will  they  ^low  wiyone  else  to  do  so."     The  bcM- 
tifnl  "Blogi"  is  the  favorite  of  tbe  Arab  and  his  chfldren,"  and  ii 
treated  well  by  the  boys."    With  tbe  Batt&ks  eadi  boy  has  a  partaenlar 
dog  as  a  "Ttabao,"  or  oompsnion,  that  is  highly  r^arded  evMi  wba 
very  old."     With  the  Patagonians  favtmte  dogs  are  formally  adopted." 


>Cli.  LTiie,KewGDine»,p.34;  Auluid,  186B,  570  Finach,  SuMwfUirten,  p. 53,  ul 
in  theApBAlen  dea lutDrbut.  HofiDiueiuiMWieit,in,  N'o.4,p.323;  Zeitochr.  f. Etha*- 
loglB,  XXI,I3. 

'Darwin  Vmr.,  1,48;  Wutz,TI,T79;  K«ppal,  A  visit  to  (he  IndUn  Archipeb^o,  Q, 

112  i  Erzhericog  Lndw.  Salvator,  Hobarttiiwii,  p.  65. 

>  Feacbel'i  Mens  Problems,  p.  U ;  cf.  Seat  Dentaclie  Jmgdi.,  VIII,  231. 

*  Arcbiv.  t.  Aiithropol.,  IV,  219. 

'AiwUnd,  1886,360;  Dor  Hnod,  XIV,  16. 

'ReiH,  1,214. 

'Analand,  1886,265;  1S8T,6TS;  Kappler,  Holli^nd. Gniua,  p.  116,  Mid  HvtaiBkiiB 
lieckmaDn'B  Ph; Bikal.-^lcan.  Bibliothek,  XIV,  19. 

'W>itz,  111,480. 

■Diener.  lyelwa  Id  der  Tropenzone,  p. 72. 

">Zeitacbr.  f.  Kthnologie,  II,  138. 

"  Jabruabericbt  der  Geogr.  Gea.  Bern,  p.  106. 

I'  Aerinnerangen  ana  Algier,  p.  301. 

atidoPdo,p.88. 
ch  liei  d.  Kannibalen  Snmfttras,  p.  251. 
-b.,  V,  142;  0/.  Aoaland,  1668, 310. 
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'       JuBt  OB  the  dog  was  ased  by  later  prehistoric  mao  for  hnnting,  be  is 
also   osed  by  the  savages  of  to-day,  and  in  all  foor  qnarters  of  the 
'  fi^lolie  we  find  taim  widely  distributed,  thoagb  iu  diS^ereat  grades  of 
development.    It  woald  be  a  waste  of  space  if  1  should  here  enamer- 
ate  all  peoples  who  hunt  with  more  or  less  highly  trainetl  banting  dogs, 
bnt  this  subject  belongs  to  a  treatise  ou  the  science  of  bunting.    A  few 
I    examples  will  be  sufficient  to  show  bow  varied  are  the  methods  of  bunt- 
ing  in  Anstralia,'  New  Guinea,^  among  the  Tehael  of  Onanaco,'  in 
America,  in  Matto  Grosso,'  in  Ecuador.'    The  natives  of  Haiti  raised 
a  breed  of  smalt  dogs  for  hunting  on  the  island."    Even  before  the 
time  of  Golnmbus  the  Taramas  possessed,  as  they  do  now,  excellent 
hunting  dogs  which  they  kept,  when  not  In  use.  In  a  kind  of  cage.^ 
Tbe  Bonny  negroes  bury  their  hunting  dogs  and  in  the  Bushman  village 
of  Gnidappoa  talismans  are  bung  aronnd  them."    For  the  bunting 
methods  of  the  Eolnschans,  Huions,  and  Tlinkits,  see  not«.^    lo  North 
Borneo  the  people  land  from  five  to  seven  dogs  from  boats  in  different 
places  and  learn  from  their  bark  where  a  boar  is  to  be  fonud,  land  there 
and  kill  him  witb  spears.    In  the  soath  of  this  island  the  fiesb  is  sepa- 
rated from  the  bones  of  this  wild  animal  and  fastened  to  a  tree;  the 
dogs  are  then  set  onto  this  meat  to  make  them  courageous.'"    The  hunts 
for  stags  and  boars  by  the  Bagobos  and  on  Peel  Island  are  also  char- 
acteristic"   Savages  have  never  descended  to  the  mutilation  of  hounds 
hunting  off  their  ground,  as  was  practised  in  Europe  in  former  ceutn- 
ries,  the  English  law  of  the  time  of  Henry  VII  providing  that  the  left 
leg  should  be  cut  off,  and  the  ordinance  promulgated  in  1702  that  one 
paw  or  all  the  claws  of  one  foot  be  removed." 

Castration  has  been  practiced  on  dogs  f^m  an  early  date,  for  differ- 
ent purposes,  and  in  coantries  for  distant  fh>m  each  other,  for  example 
amongthe  Kamchatkans,"  the  residents  of  Sakhalin,"  and  in  Togoland.'^ 

I  Waitz,  VI,  729. 

'PioHcb,  K.  nnd  selns  B«wohner,  p.  69. 

'ZeitBohr.  d.  Ges.  f.  Erdk.  BecUo,  IX,  345;  Olglio)!,  Viaggio  intorno  al  globo,  p. 968. 

'ZeitMbrilt,  U>e.M.,V,M9. 

'Bimsoo,  Tntvels  in  the  Wilds  of  £aaMlor,p.  169;  Haeeaurek,  Vier  Jahn  aiit«r 
SpanlBcb  Americanern,  p.  123. 

•OTiedo,XII,  5;  Waitz,  IV,  323;  TippeubBtier,  Die  IumI  Haiti,  pp.  213,  316,  374; 
Jonmal  Anthrop.  Instltate,  Loudon,  1S8T,  Februarj,  p.  272. 

'OarwiuVar.I, 23,25;  11,276. 

•Pet«Tin.  UIHb.,  1862,  250,  247;  Kappler,  Itolliiud.  Oniuia,  p.  80,  and  coDceraiag 
tbe  baating  bonnds  of  tbe  Wanaus  and  Waikas,  B«e  fnrtbet  B.  Scbombatgk,  Reiae 
III  Brit.  GiiiaDa,  I,  199. 

'ZBitr.f.Etbn.,II,316BiidXVI,231;  Waitz,  III,  87;  Krante,  Die  Tlinklt-Indianer 
&,t9;  Dentacbe  Oeogr.  Blotter,  IX,  221;  Kuir,  Sborea  and  Alps  of  Alaska,  p.  148. 

">Geogr.  ProceediDga,  Loadon,  X,  6;  Mittb.  Geogr. Oe«.  Jena,  VI,  99. 

iiZeltschT.f.EtbD,,XVlI,  22;  Hawka,  Ezped.of  an  American  Sqaadron,  p.233. 

"The  IIinet«entb  Centur;,  1891,  Jannary,  p.  116;  H.  Biernatzki,  ScblMw.-Holat, 
Lknenburg-Landeagesobiobte,  II,  1847,  p.  80. 

"Gilder,  loe-  Pack  and  Tundra,  p.  17. 

I'Poljakow,  Beiae  dmIi  8.,  p.  42. 

"Ulttb.  von  FonohnDgereiaen  in  Dentoche.    Scbntzgebietea  V,  13, 
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Fisbinj;  is,  as  is  well  known,  eagerly  pnrsaed  by  many  hairy 
and  by  the  dogs  of  northern  regions  especially  in  smnmer,  thereby  an 
ing  their  masters  the  tronble  of  feeding  them.  I  have  written  twx>  p* 
pers '  on  the  sabject  of  fishing  dogs,  and  in  the  second  I  iiienti«K<i 
from  the  work  of  Howard,'  the  skilled  methods  of  the  Ainos  of  Sakbalii 
which  considerably  excel  those  of  the  English  fishermen  of  Colvyn  fi*T 
on  the  coast  of  2Torth  Wales. 

As  draft  animals  dogs  are  attached  to  vehicles  both  ou  water  aad 
on  land.  As  with  as  canal  boats  are  drawn  on  rivers  by  means  of  ■ 
lope  by  people  on  the  bank,  so  in  eastern  Siberia  they  are  drawn  bj 
dogs,  and  indeed  four  dogs  drag  a  boat  regularly  on  the  Tenisei  frm 
Troiiikek  cloister  against  the  stream,  and  do  it  more  easily  than  foaral 
the  small  native  horses.^  They  are  ased  similarly — of  coarse  constantlr 
only  in  the  summer — ^by  the  Jnkahirs,*  the  Ui^aks  on  the  Amor,*  ud 
the  Kamchatkans.* 

fiat  this  nse  of  the  dog  is  not  as  general  as  its  employment  as  Ada£ 
animal  on  the  land,  concerning  which  Kohl  has  given  as  a  toletebjy 
general  idea,'  while  the  works  of  Lord  and  Bainea  are  exhaustive  and 
instmctively  illustrated.*  The  treatment  which  the  poor  draft  doga 
have  to  endure  from  ns  is  discussed  in  the  "  ^Neue  Deutsche  Jadg-Zd- 
tang"  (XIV,  157).  In  this  first  decade  of  this  century,  Humboldt* 
refers  to  tbe  significance  of  similar  folk  customs,  and  Tale  '*  has  made 
the  observation  that  dog  sledges  are  now  used  in  Asia  as  for  sonth  u 
ei'^  30',  but  in  the  eleventh  centnry  tbey  were  also  in  use  between  Hw 
Dwina  and  the  Pechora.  According  to  Ibn  Batuta,"  they  were  used  is 
the  fourteenth  century  in  the  Land  of  Darkness,  in  Bulgaria  (the  M 
Bulgaria  in  central  Russia),  where  the  people  drove  with  three  dogs 
abreast  and  one  leader.  According  to  Langmantel,"  "  There  are  in 
these  countries  Wassibar  dogs  that  draw  carta  iu  summer  and  sledga 
in  tbe  winter,  and  are  as  large  as  a  donkey;  and  tbe  people  in  thii 
coantry  eat  dogs."  Dogs  are  still  sometimes  used  in  some  regions  o[ 
Poland  and  in  tbe  northweBtern  provinces  of  Buasia  to  draw  small 
loads,  but  such  a  custom  is  not  general,'^  and  the  animals  are  also  too 
weak,  bnt  the  comparatively  small   Siberian  dogs,  in  spite  of  their 

iDer  HuDd  1SS4,  No.  48,  aad  Schweitz.  Zeotralbl.  f.  J»gd- u.  Hondeliebhabtf 
18W,No.5.  ' 

'  Life  with  the  I'roiiB-SiberlaD  Savagea,  1893,  p.  51  et  Mq. 
>Mliller,  UDt«r  TaQgUH«D  nnd  Jakaten,  p.  180. 

•  WruigBls  B«iae,  I,  214. 

'' Joarnal  Geotcr.  Soc.  Loodon,  1858,  396;  Peterm.  HlHh.  18S7, 311. 

•  Peterm.  Ergiiaz.  Heft  Ko.  54, 16. 

'  D«r  Verkahr  and  die  Aasiedluag  der  UenaeheD,  p.  76. 
'Shin*,  Experienoe  of  Camp  Life,  pp.  353, 354,  and  358. 

•  Keiae  in  der  AeqniDOctial  Gegenilen,  IV,  585. 
'°  Book  of  Marco- Polo,  II,  43. 

"  Lee,  The  travela  of  J.  B.  p.  78. 

"  Hans  8ohiltberg«n  Beiaebnoh,  p.  39. 

'•Busaieobe  BcTue,  XI,  443. 
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reattir  Icanuess,  accomplish  con gi durable,  their  strengtli  aiid  persever- 
uce  bL>iug  astoDishitiK-     KeDnau  says:'   "I  drove  a  team  of  nine,  in 
ft-euty-four  liours,  over  150  kilometers;  tUey  often  pall  for  forty-eight 
oars  with  do  food  except  one  flab  of  Ij  or  2  pounds.    In  the  west  the 
.«>g.s  iirc  made  to  pall  with  the  hips,  in  the  east  with  the  breast."' 
^ccordiugtoEnnaii,-'  the  tent-living  Sauioyeds  u»e  only  the  reindeer  as 
I.  draft  animal,  bnt  the  remaiuder  of  the  Samoyed.s  and  the  Yakats  use 
U>(;s,  aiid  indeed  eacii  one  can  pull  an  average  weight  of  20  to  35  pud.* 
Jonceniiiig  Tobolsk,  says  the  Abbe  Chappe  d'Anteroche,"  "The  only 
:>raveliiig  is  by  dogs,  which  are  haniessetl  to  sledges."     In  the  province 
ot*  Jenesei  there  were  ia  1864,  in  the  capital,  115  sledge  dogs;  in  the 
isity  of  Tiirukhausk,  43;  in  the  entire  district,  SiH).''      According  to 
Finsch,"  a  draft  dog  costs,  in  IJeresovskoe,  2  roubles.     They  aresohar- 
iiessed   that  the  drawing  strap  passes  from  the  sledge  between  the 
legs  of  the  dog  and  to  a  ring  fastened  around  the  body  aud  to  the  tail ; 
they  draw,  therefore,  with  the  hips.     Still  farther  east  the  number  of 
Blcdge  dogs  is  so  much  greater  that  in  ISSti  there  were  in  Yakutsk 
3,792,^  although  many  Y'aknts  still  travel  with  reindeer.''    Wrangel'" 
already  observed  that  on  the  Kolyma  male  dogs  exclusively  are  used 
for  pulling,  part  of  the  females  being  saved  for  subsequent  breeding 
purposes,  and  the  rest  drowned;  he  was  very  much  astonished  at  the 
sagacity  displayed  by  the  leader.    Along  the  Kolyma  the  inhabitants 
are  also  of  the  firm  conviction  that  there  the  male  dogs  alone  can 
thrive.    Notwithstanding  this  any  change  for  the  better  is  made  im- 
possible, the  iieople  often  enduring  the  pangs  of  hunger  in  order  to 
support  their  dogs.    Their  number  is  estimated  at  2,265,  and  siuce  each 
receives  4  herrings  daily  there  are  required  daring  the  year  for  them 
alone  3,306,900  fishes.     Between  the  Lena  and  Bering  straits  12  dogs 
run  before  every  *'  nurte"  and  cover  in  an  hour  on  favorable  ground  5 
nautical  miles.    At  Shigansk  a  good  leading  dog  is  worth  from  40  to 
60  roubles."    The  descriptions  of  men  aud  dogs  during  the  winter  at 
Ussuri  are  very  interesting." 
T)ic  Kamchatkans  are  the  recognized  masters  in  dog-sledge  driving 

'  'I'ent  Life  in  Siberia,  p.  I2i. 

'Hiekiaob,  Die  TuDgusen,  p.  78. 

'ReiMum<lioErde,  1,701,655,  296. 

*  PeUrm.  Hitth.  1872,  3fil. 

"Voyiige  OQ  Stbi5rie  t,  202. 

■Petenn.  Mitth.  1867,330. 

'Kvieeui^L  WeBtaiblriea,  pp.  367,  590;  AuBland  1882,  307. 

-linuisclie  Kovile  XI,  413. 

"Petenn.  Erg^ioz.,  Heft  Xo.  &1,  26;  voa  MiddemlortT,  IMse  IV,  12!)r>,  at  seq.,  1330 
etseq., Gilder,  loe-Pikck  and  Timdra,  p.  301;  Seebohm,  Siberia  in  Asia,  p.  4.3,  coii- 
ceiningtliose  in  Tnrsctiunsk ;  Biiletaolief,  Heisen  in  Oatsibirieu  I,  73;  Eniian,  Reise 
iimilieEnIa  II,  427,  concern  lug  the  dog  aiedgen  at  Ocliozk. 

i"Rei80l,  212. 

>ipet«im.  Mittb.  187!),  420,  168;  1887,  120. 

"  EitraiW  (les  Piiblicatiuns  <le  la  Socii5t<'  liup.  Hvogr.  <\c  SI.  I'etemboiirg,  ISTilt,  78. 
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and  ID  breaking  in  dogs.  Tbey  also  nse  only  tbe  Btales.  tbe  tear 
astiug  of  12  besidps  tbe  leader;  on  each  dog  falls  th«  averu^ 
ofl  |N>od  i36  jkkiinIsi  and  in  ta-mtj-fonr  boors  he  itt  expected  d- 
a  distance  ot  150  rersts  (100  miles)'.  Krascbeninnikov  tfee  •- 
remarks  tbst  in  going  down  bill  only  one  dog  is  used.  iumI  Wra* . 
that  with  dogs  not  folly  trained  only  10  to  15  versts  (7  to  10  iuilc< 
tanve  is  covered  in  a  day,  at  first;  be  is  also  of  tbe  opinion  that  l^- 
of  dogR  as  draft  animals  originated  on  tbis  peninsala,  and  that  '-." 
all  iteoples  of  uortbeaBlern  Asia  drove  only  reinde«T.  The  nan  ■ 
draft  dugs  is  apitroximately  10,000,  an  arera^  of  O  to  eacb  faniL.'. 
tbe  |trit:e  is  from  3  to  25  ronblea  eacb.*  Here,  as  with  tbe  Trfank:' 
they  are  arged  uu  by  a  rattle.*  In  recent  times  tlie  nnmber  of 
in  a  team,  tbe  size  of  the  load,  and  tbe  price  of  dogs  seems  ti*  .. 
changed  greatly,  for  Gilder'*  san*  in  Petropaolovski  G  draviog  a  s.'' 
vilh  one  |>enwn;  a  team  of  9  good  ilogR  naa  exjiected  to  j»l 
ponndx,  while  with  the  Eskimos  0  dugs  pnlled  a  load  of  1.800  t<>  J. 
iwuuds  15  to  I'D  Kngli^h  miles  a  day  for  weeks,  aod  even  fm-  jmc 
Ue  bought  40  foil  grown  dogs  and  paid  for  each  87.00.  YemiaD  i 
Benuet"  drove  in  sledgeswith  4  or  C  dogs.  Wheo  von  Dittinar'  1: 
there,  there  wa:i  a  team  of  8  large,  black  dogs  with  a  fox-red  )e*i< 
that  Hlone  whs  worth  2ii  roubles,  while  the  other  8  together  werr  ti-' 
only  40  roubles.  Each  one  hat!  a  leather  neck  strap,  therefore  pnl  .. 
with  the  brea.st  and  neck,  and  all  wtre  governed  solely  by  the  voiit. 

Couceruiiig  the  draft  dogs  of  the  Tchuktohes,  we  learn  ibrt-c. 
WmugelP  ihat  not  as  on  the  Kolyma,  always  2,  bot  always  4  r/ 
abreast;  through  Heiienstrom "  that  they  van,  exceptionally,  cover:- 
verKts  1132  miles)  in  a  day;  and  through  Xoodenskiold  "  that  lher> 
pull  for  twenty-one  consecutive  hours  without  being  anbaruMv 
There  are  alio  many  draft  dogs  on  Bering  Island,  000  being  n* 
exclusively  to  haul  driftwood  on  sleilges.'- 

Let  us  i-etuni  from  here  over  the  island  of  Sakhalin  to  Bnssian  A*.. 
in  onlfr  to  obser^^e  several  races  who  drive  mostly  draft  do'^of. 
smaller  breed,  as  in  the  Amur  coast  lands, '^  or  as  the  Tungascs  »'■ 

'I'eli-rm.    Erg:iuziiiigRbeft,  Xij..-(i,Iti;  ZeitHclir  f.  allg.  Krdk.  N.  F..  XVI.SLV 

-  Hfschriebuiit;  des  Lande*  K.,  p.  337,.  IH, 

'R*ise,II,262,25. 

•Analunil,  1)<<J1.6!U. 

'  ZeitDc'br.  f.  Elbnulogii-,  1872,  238. 

*Ico  i'ack  null  Tiindra,  p.  17. 

'Joiinial  of  Voyasfs  and  Travels,  I,  478. 

'B«iaen  nnd  Aiifeuthalt  in  tvamtsi-hatka,  p.  160,  in  tb«Beitr.  znr  Krnntn  ilHn». 
RpichM. 

"Ueiie,  11, 226. 

ii'Iu  Ernian'B  Arcliiv.,  XXIV,  i;«. 

"  niune;;eliing  Aniens,  I,4.'iT;  cf.  Ansland,  18S2,  689;  Deutsolie  Geogr.  HlilW. 
V,I19. 

"DoiitspliefJeogr.  IIKitter,  Vlll.  231. 

"He  im  Slid  v.  Oateibiren,  p.  8ii. 
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in.tB,  \7ho  also  drive  reiiideer,'  lu  tlie  islaud  of  Sakhalin  all  tbe 
i  of  tlie  males  are  cropjted  to  remove  a  hindrance  in  pulling.*  Tl» 
•ks  of  to-day  are  "a  inongrel  race  of  reiDdeer-driving  nomads  and 
:iona.ry  dog-owning  fiflhermei)." ^  Tbe  draft  dogn  of  tbe  Oiljafis  are 
cribed  by  H.  I'uasell  Killoagb,'  a  traveler  among  the  Yakabira«,  in 
:eruianii's  Supplement,  No.  54, 17. 

It  jVlaslia  tbe  dogs  of  a  team,  usaally  4  ubreast,  travel  ho  closely 
;  bebiud  tbe  otber  tbat  ivmpatiilion  of  their  tails  is  found  to  be  nee- 
lary.*  •  •  •  Krause"  writes  concerning  tbe  teams  of  tbe  Tlin- 
.»,  Boa» '  of  those  of  the  natives  of  Baffins  Laud,  Leiaiid  and  Kane* 
tlie  Ottawas  of  the  northern  lakes.  Formerly,  dog  sledges  orna-  ■ 
sutetl  by  three  belle  were  in  use  at  the  bead  waters  of  tbe  Mississippi, 
edges  were  also  used  by  the  Tbickwood  Orce  Indians  in  winter.'  In 
abriKlor  tbe  sledges  are  drawn  by  from  13  to  20  male  and  female  dogs 
ith  2  leaders,  on  a  20  to  31)  foot  trace,  while  the  other  dogs  of  the 
;ain  are  traced  short.  During  the  thawing  weather  in  the  spring  the 
ogs  wear  regularly  made  shoes  of  seal  skin,  in  which  are  cut  holes  for 
he  two  front  toes  to  give  freedom  to  tbe  nails.  Above  the  toes  the 
eatlier  is  tied  fast.  It  is  easily  conceived  that  tbe  animals  become 
exhausted  after  three  hours  during  these  thaws.  With  lighter  loads, 
t  to  V^  auimak  are  used  before  the  sledge,  with  a  leader  attached  to  a 
trace  5  meters  long.'" 

The  Eskimo  dog,  which  Le  Peyrere"  described  iu  HS47,  sayiug  that 
he  was  very  large  and  was  used  like  a  horse,  ik  found,  according  to 
Kobert  Brown,"  as  far  north  as  man  goes,  but  is  not  used  by  tbe 
Eskimos  farther  south  than  Hoi  Steinberg,  because  the  ocean  does  not 
freeze  in  winter  suGBciently  hard  to  use  sledges  on  it.  If  this  dog 
should  become  extinct,  tbe  Greeulauder  must  also  perish ;  this  event 
is  more  certain  than  tbe  extinction  of  the  prairie  Indians  after 
tbe  death  of  tbe  last  buflalo.  In  (ireenland  U  to  8  dogs  usually  go 
together;  in  order  to  break  them  of  their  obstinacy  they  are  often 
beaten  with  a  whip  having  a  handle  a  meter  long  with  6  or  8  lashes 

'RaUel,  ADtbropogeo);rapbie,  II,  73;  Petann.  Ergiinz.-Ueft,  Nu.  54,  22;  FcMnu. 
Miitb.,  I8U4,135. 

'Poljakoir,  ReiBe,p.34,43-     Peterm.  Mitlb.,  1881,112. 
.'Polj allow,  loc.  cit.  95;  Peterni.  Mittb.,  1893,  Liternturbericbte,  p.  165. 
*Mze  mille  lieiies  !k  travera  I'Aaie,  1, 192. 
~  PetcFDi.  Miltb.,  1892, 137 ;  cf.  Uaacroft,  Native  Races,  1, 62. 
'Die  Tlinkit  Iiidinner,  p.  89. 

'  Feterin.  Ergiinz.-Heft  No.  80,  S.  7.  anil  Boas  in  tbo  Humbnrger  NacbricbWu  of  11, 
1,1889. 

'LcliDg,  KusAng,  p.  19.     Kane,  WanilerioKa  of  an  ArtiBt,p.28. 
^'Waltz,  III,  87;  Lord,  The  Nalorallst  in  Vnncouver  and  British  Colnmbia,  II, 
21-2-2W. 

'"Pet«rai.  Uitth.,   1863,  123.    ^'e^InaJ'e^,  Die  Dealscbeii  Expetlitionen  and  ibre 
Ergebniise,  I,  173. 175, 183 ;  II,  26. 
"Relitioudu  Groenlaod;  cf.  Nordenakiolil,  Grun land, p, 420. 
"PtocZooI.  Soc.  London,  1866;  cf.  Petem.  Mittb.,  1869,463.  . 
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of  walrus  liide.  Toward  tbe  middle  of  1S70  there  were  in  ail  ihrtz'I 
Greenland  ouly  1^  draft  dogs.'  On  the  oorthern  shore  of  Htj-i 
Strait  and  iu  King  Williama  Land  the  trajniug  is  macli  better:-! 
in  Greeuland,  because  here  the  whip  is  seldom  used,  the  refrvi 
ones  being  punished  with  snowballs  or,  at  most,  by  throwing  E«ti<-t>  i 
them.  Since  it  is  assumed  that  the  Eskimos  owned  dogK  before  i.-' 
distribntion  was  as  wide  as  it  is  now,  it  is  of  interest  to  note  tbe  r^ 
with  which  the  different  races,  separated  from  each  other,  direct  liv 
animals.  The  Oreenlander  driver,  writes  Bessels,  has  only  ibt  ■  i 
a  i!  a,  short  and  spoken  ia  falsetto.  If  he  wishes  the  dogB  to  tn::  ' 
the  right,  he  cracks  his  whip  ou  the  left  side,  and  vice  versa.  A  se.r 
whistle  means  stop!  This  is  the  custom  of  all  the  inhabitants oi '; 
mission  parts  of  Greeuland,  Those  ou  the  east  shore  of  Smiths  Sos'. 
call  out  a  vehement  ka!  ha!  ha!  The  method  of  guidance  is  as  be:  - 
mentioned.  The  stop  call  is  oh!  In  the  neighborhood  of  Ponds  1^ 
the  coll  forturuing  totheright  is  tpoo-oA-M-A^Aa/;  for  the  left,  oi-r-'^^ 
icaha!;  for  halt,  oh! 

In  Cumberland  the  sounds  nsed  are  woa-hau-M!  for  the  right,  aek->f*- 
wit!  or  achicOa-tcoa !  for  the  left,  ^t'M-«1£  for  urging  onward,  and  fi» 
ilarly  by  the  Itauers  on  Smiths  Sound.     Stop  is  uA .' 

With  the  Eskimos  on  the  Hudson  Strait  only  the  exclamation  »- ' 
ow  I  01C  !  is  used,  and  those  on  King  Williams  Land  know  only  the  i  j 
Icgu!  kgu!  Icgu!  The  lash  is  unknown;  one  person  goes  before  *sf 
leads  the  dogs  or  presses  a  stick  of  wood  against  the  side  opposite  to:!' 
direction  in  which  they  should  go.  Bassels  could  not  learn  what  r» 
the  custom  iu  Alaska;  many  were  of  the  opinion  that  they  only  bt«r: 
curses,  the  embellishment  of  which  depended  on  the  obstinacy  of  ti« 
dogs  or  the  irritability  of  the  master.  There  also  a  person  prec«tle' 
the  sledge.  The  numi>er  in  a  team  varies  between  4  and  S,  and  liw 
load  for  a  sledge  is  rarely  more  than  100  pounds.  '  Well-kept  animx'' 
cover,  OD  a  smooth  road,  4  German  miles  an  hour,  and  work  twelve  boar- 
a  day.  After  work  they  receive  a  pound  of  meat  or  fish.  Xeantsfif 
remarks  in  another  place  that  iu  Labrador  the  expressions  auh!  a»i'- 
auk!  for  to  therighCaudrn-ra-rttfor  to  the  left  are  nsed.  Many  tribes 
of  Eskimos  show  a  pride  in  the  fact  that  their  dog  teams  are  matched  in 
coloi'.^  According  to  A.  v.  Etzel,  the  legend  of  the  frozen  sea,  with  tb« 
mention  of  dog  pledges,  known  only  in  the  northernmost  colonies  oi 
South  Greenland,  is  a  striking  evidence  of  emigration  to  Soath  Green- 
land from  the  nortb.^  In  East  Greenland  the  dogs  have  become  extioct 
through  sickness.'    In  conclusion,  I  will  remark  that  the  statements  oi 

'Geogr.  pTuceeJiDgs,  LondoD,  VIII,  175;  Nor<leDikir>ld  loc.  oit.451;  KlntaclMk.Ak 
EBkimo  nntei  K.,  p.  50;  Geogr.  MagnziLe,  Loudon,  III,  179,'  with  o\iict  statiBtial 
data;  T.  Bei^ker,  ArktUche  Reiae  der  engL.Yaoht  PiiudoTa,p.  15;  UesMl,  Die  uiur 
Nordjiol-ExpFd.,  p.  141  et  aei|. 

«Dnrwin,Var.,n,276, 

9Zeit«Ghr.f.allK.Erdk.,N.  1'.,  X1I,418. 

^Peteriu.  Mittb.,  1871, 432. 
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i<lr<?e'  coucerniiigtbeweigbt  and  speecfof  sledges,  vbich  differ  some- 
lat  from  tlie  above.are  borrowed  from  John  Crawforil  r  -'On  the  rela- 
>n  of  <1onie8ticat«4la)iitDalH  tociviHx.ation,''in  the  "Trausactionaof  the 
tlinological  Society  of  London,"  H,  ;i87-468. 

Over  the  highent  passes  of  the  Himalayas  and  Thibet,  where  ponies 
1(1  yaks  can  not  veutnre,  sure-footed  sheep  and  goats  are  used  as 
oasts  of  burden;  sbeep  also  are  used  in  the  country  aorrounding  Kr- 
i  a,  Soutb  America,  carrying  a  water  jar  on  either  side,  np  hill  aad  down 
11  very  narrow  mountain  paths.  Among  the  Indians  of  Xorth  Anieriea 
he  dog  is  used  as  a  beast  of  burden.  Here,  abused  and  harshly  treated 
uriug  life,  he  after  deatli  receives  many  honors — a  truly  human  char- 
oteristit-.  At  the  time  of  Coronado,  in  the  year  imo,  he  was  used  by 
I  braucli  of  the  Conianche.s  on  the  borders  of  the  province  of  Duraugo 
or  the  transijortation  of  hides,  and  is  still  kept  for  the  same  service.* 
l>og8  are  alw)  nseil  as  Iwasts  of  burden  by  the  prairie  Crees  in  the  Sas- 
katchewan region,^  as  well  as  by  the  Atui'itanas  on  the  Copper  River.* 
The  ancient  Pernvians  aiKO  possessed  such  dogs.^  In  Asia  the  so-called 
Yenesei-Enst-Jaks*  own  pack  dogs  and  in  Kamchatka  they  traverse 
the  mountains  with  light  loads.' 

However  useful  to  man  the  dog  may  have  proven  himself  as  a  bant- 
ing animal  and  beast  of  burden,  yet  many  races  of  people  left  it  to  him 
to  keep  himself  fat  and  in  good  couditioa  as  he  did  before  their  mutual 
vipproacb.  Fortunately,  or  unfortunately,  he  is  an  omnivorous  animal, 
and  this  i>eculiarity  makes  him  useful  about  the  dwellings  of  larger  or 
smaller  settlements  of  man  as  a  sort  of  street  scavenger,  sharing  the 
oillcc  with  vultures  and  the  like,  as  is  now  the  case  in  many  eastern 
countries.  What  man  no  longer  uses  in  his  household^ffal,  dead  ani- 
mals, the  bones  of  game,  and  in  many  places  even  human  corpses — is 
tlirown  out  and  Ixjcomes  food  for  the  usually  empty  stomach  of  the 
neglected  dog. 

From  classical  antiquity  we  obtain  many  accounts  of  human  bodies 
being  thrown  to  the  dogs  to  be  devoured.  Hector  threatened  to  do  this 
to  Ajax  and  retracted  his  decision  only  because  of  Priam's  tears.  In 
Poldmau's  paper  on  the  excess  of  population  in  the  great  cities  of  the 
ancients,  he  has  eollei^tcd  (p.  1^5)  numerous  passages  from  ancient 
authors  showing  this  to  have  been  done.     In  Asia  we  find,  especially 

'  (ieo^T.  ilea  Wol tlinnilels,  1, 90,27M. 

- 1  Tumi lol lit,  Kstni  politiijiio,  etc.  Ill,  !i6;  Koise  in  ilio  ^qniDiict.  Ocgendeu,  IV 
5Mi>;  Ansicbtin  tier  Niitor,  I.  138;  Ilancroft,  Kntivo  Kacen,  I,  506;  Hllbtenpfonlt,  Ver- 
Hiicli  cm«r  3i-hil(lernng  von  Mexico,  1, 159,  177;  VprhanOt.  iler  Ot>i.  f.  Erdk.,  Becliii, 
XII,  268;  Ratzel,  Verelnigte  Slnaten,  II,  127. 

niiml,  CanBdian  Red  ItiTer  Kypod.,  II,  117. 

'Di'iitBclio  Ceogr.  Bliitter,  IX,  224.  Siicli  dogs  are  fignred  iu  the  oft-rit«d  work  of 
LorilnndBaines,  p.361;  V.MMtins,  Bi'itr.  zar  Ethnugrapbie,  1,672. 

'■Wait!,  1,409. 

"Bsdlotr.Ans  Weatsibirien,  1, 1S9. 

'  Krasclieiininnikoxi'.  Kescbr.  lies  Landes  K.,  p.  18. 
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among  the  Mougoliau  peoples,  a  complete  indifi'erence  to  tbe  cfqt- 
tbe  "  misera  plebs.''  Before  tbe  year  1000  sucb  iKtdies  wen  p->- 
prey  to  <Io{;s — iii  Bactria  occordiog  to  OiiesicritUB,  by  tbe  Hyn 
accordiugtoCiL-ero,  by  theSogdmiisa«cordiugr  to  Strabo.  Tb.v.r>. 
remarks  tliat  wilb  tbe  Kalmucks  tbe  bodies  of  the  inferior  eW- 
throwD  after  deatli,  eitber  iuto  tbe  water  or  out  on  tbe  steiii>Mf' 
dogs,  vultures,  etc.,  to  devour;  the  better  classes  are,  however. k' 
A  similar  fate  for  the  corpses  of  beggars  in  Kuldja  is  mentiooi-. 
KadloflP.  Ill  Urga,  writes  Prscbewalsky,^  the  beggrais  have  tboir;- 
like  bedH  in  tbe  market  place.  If  one  be  about  to  die  tbe  dngs  ^i 
aroaud  bini  and  wait  for  bis  last  breatb;  be  is  tfaeit  devoured.  ! 
dead  of  better  classes  are  carried  to  tbe  churchyard,  dog:i  make  ci ' 
processiou  aud  conduct  the  ititerment  by  meaus  of  tlieir  stomacbi-: 
princes,  gogos,  and  the  highest  lamas  arc  really  buried,  in  tbf- 
koowii  parable  of  Laiiarus,  who  ate  the  crumbs  whicb  fell  from  i.  ■ 
mau's  table,  the  dogs  came  and  licketl  his  sores.  Would  auytbiag  >' 
different  have  befallen  bis  body  after  bis  soul  bad  down  to  Heaveu! 
ID  the  cities  of  Chiua,  according  to  Kxner's  accouut,''  a  beggar  is  ^f 
his  identity  is  determined  by  officers,  be  is  allowed  to  lie  where  if 
covered  with  mats  held  down  with  stones  so  thnt  tbe  dogs  can : 
trouble  btm  while  nlive;  as  soon  as  he  is  dead,  however,  tbey  do ii< 
duty.  The  Kauicbatkans  believe  in  tbe  life  of  tbe  soat  after  the  dfj' 
of  the  body,  and  in  tbe  warm  desire  for  this  better  life  the  father  o'^'- 
allows  his  children  to  strangle  him  or  to  throw  him  totbedogi.-  '- 
caves  of  Poland  thus  far  examined,  traces  of  human  industry  have  I" 
found,  but  no  human  bones;  this  was  held  as  a  negative  indieabos' 
the  former  occupation  by  Mongols,''  who  gave  the  dead  to  the  dogs: 
positive  indication,  however,  was  found  in  the  names  of  piacesaa*^:' 
Mongoliau  zafian  =  w]iiie,  zebrzydoico,  zebr  =  volf;  Karsg,  Afl"- 
steppe  fox,  and  many  others.  It  is  au  interesting  fact'  that  etacu.'^ 
tbe  center  of  the  wide  district  through  which  we  fiud  scattered  w 
place  name  Psar  lies  the  dog  field  at  Breslau,  Ptie  polje=  Pa»j'i"^ 

The  Polish  chronologist,  Vine.  Kadlubc*- *'"""  *'"'=  '''•'>'«''"  at ll« 

beginning  of  the  thirteenth  century,  au 
the  year  1109  a  battle  took  place  betn 
and  tbe  German  Emperor.  The  Oern 
left  lying  on  the  battlefield,  and  tho  di 
devoured  the  flesh  until  they  were  si 
'I  caninum  campestre  locus  ille  nominal 

'ReiaeeindrUcke  aiis  RiiBBland,  p.  4 
"'Ana  WeatsibirieD,  II,  312. 
'Petorin.  Mittli.,  1876,  8. 
*Cblnn,  p.  1A3. 

'Peschel,  Viilkerkniide,  p.  416;  Zel 
'Pracbewalaky,  Keiaea  in  ilsr  Hotij 
'Deutacbe  Kundschuii  f,  Ueogr.  u.  £ 
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lined  <iaUu8,  who  lived  in  the  tweirtb  century  adcI  described  tbm  siime 
ittle,  said  nothing  wliatererof  mad  dogs.'  There  is  uo  doubt  that 
<tHje  potje,  or  dog  field,  receivetl  its  name  before  the  battle  of  IHW,  and 
.  proliably  of  the  same  ancient  origin  as  the  word  PBar,  belonging  to  so 
iniiy  placeii.  In  the  good  old  times  of  the  Euro|>eaD  Middle  Ages  we 
11(1  tiuinemns  examples  of  the  disponing  of  nupertlnous  men  by  mean!) 
>t'  tlogs.  I  instance  only  the  well-known  story  of  the  Cid,  who,  %heii  he 
'<>iil«\  not  get  wood  enough  to  burn  his  prisoners,  hatl  tbem  torn  to 
>icces  by  dogs.'  In  latertimes  such  bloodboonds  were  nsed  in  America 
for  the  execution  of  the  most  terrible  deeds  »t  the  t-ommand  of  tbeir 
I II  sisters. 

"We  learu  from  Stanley  that  in  Usukuma  and  Uganda  dogs  are  nsed 
ill  Imttle.     This  n-as  also  the  cimtou)  in  ancient  times,'    When  Marine 
ovi^rcatiio  the  Cimbri,  his  legions  had  also  to  tight  against  women  and 
dogs.     The  Celts,  as  !!:<  shown  by  a  bronze  dog  from  Ilerculaneam,  pro- 
tected tbeir  dogs  with  spiked  collars  and  metal  breastplates.     In  the 
battle  of  Morat,  in  1470,  a.stfae  troops  stood  in  order  of  battle,  the  dogs 
also  began  to  light.    The  Barguudiau  doga  were  overcome  by  those  of 
the  Swiss,  an  omen  of  the  overthrow  of  tbeir  masters.    The  Tories  also 
placed  dogs  on  their  outposts.    That  the  much  prized  Friedenhuudeof 
onr  day  were  formerly  educated  as  war  dogs  is  proved  by  a  widespread 
literature  on  that  subject.     In  conclusion  f  will  only  say  that  on  Robben 
Island  (near  Kapstadt)  the  bodies  of   people  who  have  died   of  the 
Hniall|>ox  are  given  to  the  dogs  to  eat.'     •     •     • 

Tlie  liskimos  of  America  imur  the  urine  over  the  fragile  roofs  of  their 
nrtihcial  snow  hats,  and  thereby  attract  the  caribou,  which  ai-e  greedy 
for  the  salt  that  it  contains,*  The  chalky  excrement,  for  which  there  is 
a  si>eciat  market  in  Berlin  as  the  no  oalted  pharmaceutic  gentian,  is  useit 
by  the  peoples  of  western  Asia  for  tanning.  Its  use  spread  frorn  there 
to  the  dog-abounding  city  of  Constantinople,  for  the  prepariitiou  of 
morocco  leatlier,''  and  great  cargoes  of  it  are  sent  from  thente  to  the 
United  States  for  the  preparation  of  morocco.'  The  Tlinkits  throw  the 
bodies  of  dogs  attached  to  long  lines  into  tte  sea;  after  a  time  they 
become  covered  with  dentalia  and  are  then  withdrawn."  Concerning 
the  use  of  the  teeth  for  weapons  and  adornment,  see  below.  According  to 
Agutliarcbidas,  Diodorus, and  Strabo,  the  name Cynoniolgi  (dogs-milk 

'  Rripell,  Getich.  I^oleun,  1,  l>70. 

^UattvulBube,  1893,442. 

'.TuurnalGeogr. Soc.  Lon<li>D,  1876,  28;  Zeitechr.  f.  Jagil-  iinil  HLiiidr-Liebbuber, 
3t.«:illfti.l«92,l«9. 

•J. Stanley  Little,  f>outli  Africa,  I[.2T4. 

^Klutacbuk,  Ai»  Eakituo  outer  Eakimos,  p.  131;  Xeuuiayer,  Die  Ui^iitach.  Kxped. 
uui!  ibm  KrgeliniMe,  II,  IB. 

'(Uivier,  Vojnge  daaa  I'lCmpire  Ottomnii,  1801,  I. 

■Zoo!.n»rlen,lHiM.W;  Natiir,  1892. 334. 

<  Kranw,  Die  Tlinkit  Iniliauer,  p.  183,  and  for  Alaska,  Aualanil,  1888, 970. 
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eaterft)  is  applied  by  tlie  inhabitants  of  Sierra  LtM>tie  to  the  trit«-'i 
use  tbe  milk  of  swine.'  According  to  M^or,' in  the  nei^hbra'bn.  < 
Capo  Braiico  men,  liorses,  and  dogs  live  for  montfaB  on  tbe  tailk  «  i 
most  varie<l  animals,  as  tliey  also  do  on  lioney  in  Sooth  AfHca. 

Tra<Ie  in  dog's  bides  is  carried  on  from  northern  Asia  in  tvn<:-i 
tious — either  west  to  IJaroi>e  or  east  to  North  America ;  and  the  far  '. 
they  are  carried  the  more  expensive  they  become;  for  while  Id  Ob^-i 
»  go04t  »kiu  costs  (!  roubles,'  in  the  market  of  CbarkoM'  a  black  Sibr  i 
dog  pelt  is  worth  from  50  to  100  roubles.*  In  Paris  the  pelt  is  qi;'  ■ 
tanned  and  prepared  as  fashion  demands.^  The  greatest  nnmiwr  : 
dogskins  is,  however,  consumed  in  eastern  Asia  itself,  thoagh  tber*  ' 
there  is  now  somewhat  reduced.  On  account  of  the  war  with  Jap- 
fewer  marriages  take  place  in  thickly  populated  Chrita.  Tberr-' 
formerly  brought  to  the  young  bride  in  Manchuria  and  Mongnlid...' 
wedding  preseuts,  many  dogs,  which  thick-haired  cnrs  the  yoangai- 
band  took  with  his  wife  to  his  new  home,  then  immediately  slaugfattr*- 
them  and  made  from  the  skins  carpets  and  bed  covers. 

The  sni>erllnous  ones  were  sold  to  traders  in  Chinese  ports,  3:: 
thus  dogskins  of  an  annual  value  of  nearly  2,000,000  marks  wer*  »■■ 
to  the  United  Statea."  As  in  the  Abyssinian  monastery  Zad'  AkU 
the  entire  possessionsof  apions  brother  consisted  iu  the  half  of  a  fv: 
skin — his  carpet,  his  bed,  his  cloak,  his  alP — so  also  in  China  the  ]>ea 
and  the  beggars  own  nothing  bnt  a  shabby  dogskin^  that  theylisi- 
fonud  or  that  has  been  given  them,  and  the  middle  claase:^  coupk-' 
their  winter  costume  by  a  storm  coat  of  dog  or  goat  skin.  Tbe  prtD^: 
pal  export  town  for  colored  skins  is  the  port  of  Liao  ho,  or  Niutjichvaiif 
in  Mancharia.  It  was  formerly  believed  that  .these  skins  came  fns 
ownerless,  wandering  dogs,  but  the  yellow  book  of  the  cnstoms  offinr 
of  that  city  at  the  end  of  the  year  1880  shows  that  the  productioo  « 
hides  isttbe  work  of  a  tratle  organization.  In  all  Manchuria  andonik 
,  eastern  (jonlcrs  of  Mongolia  are  to  be  found  thousands  of  tiocks  of 
young  dogs.  The  severe  cold,  with  a  mean  tem|>eratQre  of  33=  to3r 
!■'.,  develops  beautiful  pelts.  Concerning  their  farther  preparation, 
coloring,  and  the  use  of  the  Hesh,  see  "Ausland."^  In  Greenliod. 
where  the  caribou  hunts  are  unprofitable,  skins  of  seals  and  dogs  iR 
used  in  preference,  tbe  skin  of  the  young  dogs  especially  as  a  lining  for 
winter  boots;  still  it  is  very  dear."*    In  Grisecke's  time  such  skins  vm 

'  Burton  and  Ciimerou,  To  the  field  CoMt,  1, 335. 

'Tlie  Diacovenea  of  Prince  Henry,  p.  100, 

^Fiuscb,  KelMiinch  Wewtsibiriefi,  p. 372. 

'  Kohl,  lieiae  im  Itmeni  votn  KuMland  and  Polen,  206  et  aeq. 

"Schweiz.Zoitacb.f.Jagd-n.Liel'bfilHr,  1882.  183. 

"Hamb.  CorreiipondniitTon2,  11,  1894. 

'  ZeiMclir.  f.  ftllg-  Erdk.  N.  F.  XII,  211. 

M8«P 
•"VnT  .  ji.  429;  NMnr.  1887,  536;  von  Backer,  Artt.  ReiMdir 
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iro'wti  away  on  accouTit  of  their  offensive  smell.'     Witli  the  Samoyeda 
le  ea.pH    nnd  tbe  konitzii  (itn  article  of  female  dress)  are  made  of  this 
ur.^        liavenstein '  gives   an  account  of  this  use  by  the  Kiptchaks, 
vrasvlieniiikow'  by  tlie  Kamcbatkans.    In  Kamchatka,  ae  8t«Uer  lias 
)uote<l  from  the  yearlKwks  of  Tag,  a  sort  of  cloth  is  made  from  dog's 
lair  aiiti  different  grasses.'    The  ase  to  cover  boxes  in  North  America" 
and  flasks  on  St,  Kilda"  is  old.     We  find  the  custom  widely  spread  of 
using  tlie  separate  parts  of  the  body  of  the  dog  for  adornment,  and,  on 
tbe  otiier  hand,  examples  of  expensive  dog  collars.    In  the  latter  con- 
nection  K.  Sclmmann,"  the  famous  traveler,  mentions  that  the  Japa- 
nese, aa  has  been  related  by  the  Arabs,  made  for  favorite  dogs,  monkeys, 
etc  ,  gold  collars,  thus  anticipating  the  eccentricities  of  modern  French 
and   American  ladies,  such  as  I'atti  and  others.    The  old  Egyptians 
fitted  their  tine  greyhoanda  with  quite  broad  collarl.'    The  line  doga 
of  the  Bashilangi  do  not  wear  collars,  but  a  band  around  the  belly, 
similar  to  many  Siberian  draft  dogs.'"    As  an  adornment  and  also  ns  a 
means  of  deceptive  decoration,  the  tailsof  many  hairy  animals  are  used. 
In  M;^orca  part  of  the  Sunday  costume  of  every  girl  is  a  neat  braid, 
not  always  genuine,  as  many  fasten  a  cow's  tail  therein."    Before  this, 
in    ancient  times,  Indian  women  plaited  tbe  black  bair  of  tbe  yak 
under  their  own  natural  locks,  un}  Hoetiovvrai  tia\a  cjffaicj?:.'''    (?us- 
ta*  liachtigal  saw  in  Wa<lai  a  Sklav  woman  who  had  fastened  two 
heavy  braids  of  sheep's  hair  nnder  her  own,''    To  the  northward  irom 
the  Victoria  Nyanza,  Baker  met  two  men  with  horns  on  their  heads 
and  cow's  tails  instead  of  beards."    Many  tribes  of  Indians  comb  the 
hair  of  the  dead  carefully,  and  in  order  to  make  the  braid  longer  plait 
into  it  buffalo  bair,''    These  analogies  will  suffice,  and  it  is  unnecessary 
to  dwell  upon  those  Australians  who  insert  the  busby  tail  of  the  dingo 
dog  into  their  beards  in  order  to  make  them  longer.'*    The  Wahaha 
carry  dog  tails  on  their  si)ears.    The  linger-long  head  of  the  siiear  is 
burned  into  the  handle  and  hehl  fast  by  the  skin  of  such  a  tail  drawn 
around  it  while  still  green.''    The  Parsi  receive  at  puberty  a  girdle  of 

I  (irei-ntiiiiil  in  Itren-gtfr'i  KiivvclopecHa. 

'ZeiUobr.  f.  nllg.  Erdk.  K.  F.!  X,  8a:  Kntiaii,  Keise  nin  die  Erde  I,  TOl. 

'The  KosaisDit  on  tlip  AiiKxir,  p.  317. 

'BeHtbr.  <ie»  L.  Kiinitiicli»tka,  p.  128.  "  • 

■ZBitBclir.  f.  alJg.  Enlk.  N.  F.,  XVI,  3IS. 

"Notiir,  1893,  ICl. 

'  Haml>.  Kcb».  lirilage  /n  IT.  2,  1KX». 

•Marco  Polo,  p.  25. 

'E1wri,  Ciceronii  <liirc1i  AegypteD,  1,  161. 

'"Pogge  in  Mittb.  ii.  nrriknn.  Get.  in  Deutacblanil,  IV,  248. 

"  Pagennterker,  Die  IiiHel  Mallorcit,  p.  135. 

"Aelian. 

"Snbarn  iind  Smlau,  111,80. 

i<  Z«it8chr.  der  Oes.  (.  Erdke.,  1, 103. 

''Dodge,  Tbe  tiidianHof  the  Far  Wcit,  p.  114. 

"^Wsitz,  VI, 735, 736;  Zeitscbr.  t.  Ellm..  VI,  278. 

"  DciitBCbe  Kolonial-ZritniiK,  18!II,  162.  ^^  , 
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luir.  vbicb,  acrording  to  the  wtwjtioa  of  tbe  I 
piaittA  rioa  tiog'»  hair.'  Tbe  H»id*li»  of  British  ColnnlMa  «-.  ' 
vfaite  doe's  luir  wiihotbn'  material,  and  oo  I'dget  Sound  blankeci-.- 
aU<>  made  r>f  it.' 

The  lare«  vbite  t-yeteeth  of  tlie  dog,  worn  singly  in  tfae  vmr»  or  =^ 
together.  a]«oiilraDponastriDg,iniDgled  witfatboxe  of  other  canii\'-.-. 
are  wi<!el>'  OMfd  aa  an  adanimeiit,  tiot  only  for  nieu,  bat  for  voBten  » 
CJrIn;  f<r  example,  ana  breast  orDamciit  at  Friedricb  Wilhelms  Hart-r 
New  4>uiuea,  ait  ntxklaces  and  bracelets  in  the  western  p«rt  of:. 
MjutU  coast  of  llie  British  [wrtion  of  that  iulaod;'  near  Cape  <-'oo«o  ~ 
Hurrk  Ktriii(;>«  are  more  rare,  the  bones  of  .4frrM  precatorim*  being  c^. 
ii-ttteail.*  Oi)  ttie  Solomon  lalandH  a  traveler  saw  a  magnificenC  im; 
Ince  of  30(1  dog  teeth,  each  of  wbicli  was  carefully  bored  throa^i 
tiiiice  only  :i  tei-'tli  are  here  taken  from  each  dog250do|^  mast  U^tr 
been  retjairetl,  roust  of  which  were  natives  of  Sau  Christoval,  where  tti« 
teeth  are  extracted  from  tbe  livingdo(;s  without  compunction.'^  In  it 
wiiitbeiislern  |>()rtion  of  New  Guinea  all  four  eye  teeth  of  tbet>e  aniraa'.< 
iire  taken,  and  with  more  reason  than  shells  (cowries),  a»ed  aa  money  a- 
tliey  are  iu  the  Bolomon  Islands,  Samoa,  and  other  places ;  partly  takiu; 
the  jibicc  of  our  diamonds  and  other  precioUH  stones.'  The  Igorrotii  al*' 
wear  iiccklaccH  and  pendant*  of  dogs' teeth.''  These  teeth  are  also  used  ii 
>i'n'  Guinea  for  weiiitons,  and  iu  tbe  clubhouses  there  one  may  sef 
many  dog  skulls  hung  up  as  decorations."  As  in  Java  it  is  held  to  bt 
dicgraccl'ul  to  have  white  teeth  like  those  of  the  dog  tbe  people,  as  ii 
well  kuown,  color  their  teeth  and  those  of  dogs  are  not  nuied  u 
oninnientB." 

Scbweinfurtli  saw  in  Africa  necklaces  of  teeth  of  which  there  were 
scvci'ul  fi'Oin  the  dog;'"  Junker  saw  similar  ones  among  the  Bari,  ami 
Schuver  among  the  llerta." 

I  /.oit^hr.  f. linn-  y-rdk. N.  F.,  V, 79. 

'  llaucrolt,  Ntitive  KaniB,  I,  166,  215;  Lelang,  Fasang,  p.  19;  Lord,  tb«  Natanlid 
Id  Viini'uiiver  au<l  Itritbli  Culiimliin,  11,  212-223.  M.  Boolet,  the  pTOpri«(ar  of  * 
iug  kruiml  In  r.rmiix.  gave  tu  the  furmer  Preaiilent  of  the  Franch  Repnblic  a  waiil. 
riHit  iiimli'  (Void  Ibe  Iiihk  liair  of  bis  "Marce;"  Hamb.  Fi«mdenblatt  of  2i.  II,  Ugf. 

'Miltli.  All!)  (It'll  tw-li.  Si-UuUgobieteii,  T.  12.  Finacli,  Samoa  fa  brtco.  pp.  14,8!),^: 
KukiiM-bii.v.  Die  l>iitsrb«D  in  il.  $ililti««',  p. 55;  Joiinal  Gcof^'-Soc-  Londott.  I8T6.M; 
IVii-rtii.  Mitlh.,l87'.>,  2TT;  IMiUcbe  Geogr.  Blatter,  Moording  toAlbertj  Cb.  Lymt, 
Hi-vt  (iiiinea,p.31, 

'  FJDHOb,  loe,  cit„  |>.  ;i;»'. 

'Natur.  into*.  13!l. 

'  Auiinlen  dva  Wieuer  HurQiiiseuoit,  111,  4.  mi;  .Viuland.  18M.  tilN;  IVatxk 
Kolootalmtiui):.  Vll,  UV\ 

'IVtiTi-  "pit.  So.67,2''. 

'  /vitt  Krdk..  ISTT,  I.M :  Proe.   of  lbs  ^jucrBsland   Bnarb  of  tkt 

(i.vsr.  t  II.  2.  67. 

'  Wiii  ^'i>« !«:«  antooT  du  moodr,  II.  463. 

-IVlr  ;  /..-.twlir.  .i.  i;r*.t  Enik,.  VI.201. 

■■   ivi,.  JiiDkrn  i:etM-u.I.;S3,3SJ.aBdPK(TK.Ei7^»i..MI; 


D.qitizeabyG00l^lc 


DOGS   AND    SAVAQES.  667 

I    may  here  briefly  touch  Qpoii  the  use  of  the  word  dog  as  a  term  of 
reproach.     In  the  Old  Testameut,  by  the  Arabs,  and  especially  hy  most 
^tfoliamuieilaiis,   the   wonl  dog  is  an   abusive  epithet.'     Among  the 
Usl>eg8,  while  it  is  sii  impropriety  to  ask  after  a  man's  wife,  to  ask  after 
Ills  dog  is  a  deadly  insalt,  says  Wood,^  the  epithet  "dogseller"  is  the 
deepest  of  insults.     In  the  fourth  centory  B.  C.  Yftska  was  of  the  opin- 
ion tbat  the  name  dog  was  sometimes  applied  to  express  contempt.^ 
Ill  Latin,  cauis.,  as  an  epithet  always  referred  to  some  special  trait  of  the 
*3og  (impndicity,  cowardice,  a  snarling  temper)  and  was  not,  as  with  us, 
an  expression  of  exasperated  contempt.*    Must  that  not  also  have  been 
the  caBe  in  Halle  in  the  fifteenth  century,  where  it  was  the  custom  to 
give  to  men  zoological  names  {Tyle -dog,  Ileinz-ape,  Fritz-sheep,  pigsty, 
etc.).^     In  a  recent  political  election  si>eech  in  Newcastle,  Mr.  Murley 
referred  to  the  abusive  use  of  the  word  "dog,"  declaring  that  he  conid 
not  look  upon  it  as  nn  insult,  for  most  dogs  that  he  knew  deserved  to 
be  placed  higher  than  many  men.    The  following  sections  will  clearly 
show  that  many  races  take  the  same  view. 

It  is  a  truly  human  trait  to  lirst  recognize  the  wiAsth  of  another  after 
his  death.  This  is  exemplified  by  many  of  the  hunting  peoples  of  North 
America.  The  dog,  the  most  faithfnl  of  the  domestic  animals,  whose 
fidelity  is  recognized  by  the  Koran,  and  who  is  therefore  allowed  to 
participate  in  the  joys  of  the  Mohammedan  paradise,  is  cruelly  treated 
by  them  while  living,  but  when  he  dies  and  is  transported  to  the  hnppy 
hunting  grounds  they  do  honor  to  his  bones.  They  will  not  offend  his 
spirit  because  they  will  lind  him  again  in  the  after  life."  Among  the 
old  Mexicans  and  Mayas  he  accompanied  the  dead  in  their  passage  to 
the  other  side;^  among  the  mound  builders  of  Nashville,  Tennessee,' 
and  among  the  Eskimos"  he  was  placed  intbe  gravesof  young  children 
who  could  not  alone  find  their  way  to  the  spirit  land.  Dogs  thus  became 
the  guardians  of  the  threshold  at  the  entrance  to  the  nether  world. 
According  to  the  Zoiidavesta,  certain  dogs  have  the  power  of  protect- 
ing departed  spirits  from  the  demons  lying  in  wait  for  them  on  the 
perilous  passage  of  the  narrow  bridge  over  the  abyss  of  hell;  and  a 
dogis  always  led  infaneral  processions  and  made  to  look  at  the  corpse. '° 
According  t<i  Synesius  (tifth  century),  Cerberus  held  the  position  as 

'  Hommel,  Nauieu  der  Siiugethiere  liti  den  Sildaemiriscb 

<  Joaro«y  to  the  Sonrc«  of  the  River  Oxaa,  p.  US,  nu<l  a 
gSBcbicbte  des  Mengcheo,  II,  <S13. 

HUi  Milller,  VorlcHuugen  iibcr  die  Wissenscbnft  iler  Spriiche,  ji.  37-1. 

'Au»Untl,1871,nO. 

''0.  F.  Horulwrg,  Gescb.  d.  I^tadt  Ilalte,  I,  425. 

•Wait;z,III,  194. 

'Bftncrott,XatiiieRace«,II,605;  Zoitocbr.  f.  Ethnologie,  JBeS,  MetHo.].;  CongriB 
ioteniat.  des  AmeriiiaiiUtes,  1888,  Berlin,  1890,  p.  308  i>t  Be<i.,  321  et  xei]. 

'Archiv  ADtbro]).,  Ill,  370;  Blir,  Dit  vorgeichicbtlicht'  M<?iiBcb,  p.  174. 

•ZeilBchr.  f.  EthDologie,  1872, 238 ;  KordedRkiilld,  Griinlaud,  pp.  385, 474, 475. 

">Verbaiidl.  deaS  G«ogr.  Tagea,  p.  107;  Forbee,  A  Naturalist's  M'sudeciugs  in  th« 
EwterD  Archipelago, p.  100,  remark. 
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-T'ntt  A/tfffl  bi^iit  'lie  •'^M  rha£  -iitt  ToBuirai 
rh*- ft-irk  r*-i^>n.-4  »iter  tl«arii.''  '^*T  ^ummrv*,  n  li.-  -!I^  -  .. 
Ch^t  'lofpt  A'..Mi  zn  '•>  h*>»r<>ii.  C!m  irauv-  'Mtlic'-*>*i  ~ii^  .«'  -rrm.  ^ 
*««  li.,-*  o'»tt  ;.:ri*  'licj  ;n  tin*  icber  -^tW-tt.  uui  Ivlonifnir^  ■  i  - 
\^'\.J3'd*~Vi',    jsa  Fl^-tama'it -ion  •!Dri>r  ~iie>^'>n.      r~i«    .'Nc:rH»  ' 

me  T«ry  mnih  .ih«>or.  nir  fli^^t-aivrftt  liot"        Z.\    >    iii  iii  iii    diil  ■_' 

]r«jVrir  j  HI   rT      r,r!»T«E  •ri>f»*,  Sir  «)flu!  3wnm«>r   tf  ^»«*  ^^ni~  -  . 
rf.^.      f..t-«'I  tn    i:7i»:*  ir.<  flier  view:  «n»»i  -o^kreii  "ii«  1115  wi  4-^-' 

iWAn,     T...4  i.*.  'iifrttfirF,  'u*  reanMO  -ray.  Tien    in**   ?•  umht  ii  ut  ■■ 
r!^.j  :,..-t|.*.     I.i  f-irr.«>  it  ..■•  ".*^i.i*T«i  '-UK  JMwiui  """■■^-  t—  .  ■  - 

[;l.w  k  .*  fpi  'i-^..-'xl  Alt  4  f-Mcfa!  fnior:  '>t;M:K  •tii^  MB  Jr«  ■»  "  " 
fHrT.,.,ar^ 'if  .*..r.  •-rftH;  tiie  e-:!  «)«  luoHeuT  -.!*•«•   -j*i  :m^  11  »    -<- 
fl',^    ;n  *i'-»-i:..^^   f  A.i,*r  .     la  rh*  ri  U  Ca>  -.iT  «i«  Tt**«  '  •iin  ^n*   — - 
*I',^  I*  fi.e '.rr-:.r::.;  c;f  rm>  (ier-.:.  »  2n>aE  Ssar -tf  tat*  Tav«».ii"- 
S^*^;;-:l  bf-a*..*  *.-  ti..i.C  of  B»»^tinj  liut  EeAl*ts»  '  i*!^  ■•"rj  1  .-ml-*- 
bla-k.  r.r**,-i.:r.:-? 'l-.'i^    The  h«»rii«i  S»»i>y»NL*  ti  ^tt  leeaiW' 
'>f  tt.e  M»-/>-n  'irtrr  t.i  :tt»r  dev;;  tiza^T  *  reiad»^cr  -ir  ^  jioks  ine  "^  ■■ 
(IrcniiM  afrt-r  snj.-n;;:.    The  head  ;.■*  taniett  :jiTar>(  "iue  w«^.    ^"~ 
an^ifiaU  are  *>:Tt-rw!  ^.-■w  tft  :he  T*iei.iii  JB<t '  IiMciii.  jod  iie  J-^iK  "  '-' 
vi'tim  w  tii*-n  ti.roTn  tf>iiji  relative*:  ail  :iie  liewi  -j»  ^^n   iif  th*  - 
ai.'l  triejfTiA^w!  -k-.:.  :.*f.LaCTrf  on  a p»Ie •ypcMAT^c nii*:"'"^-'    rit ^'"^ 
a'-ii-e  iii-ir  'l'>2-.  *•»  r.-^!e^•-.i^y  lo  ttwm.  wi:li   ^.i-iu.  beeaow  "iBC  '-■* 
ht-A  Ui  i>f.  -!i.e  «l-,"-r.^r.»re  *.ff-f*-.r.j  .>t  :a*  wii^::  * -rm  i«  a-mir. 
afin,!,g  rr.<-'.  t/*  T*,f  *  'j.^.ti  iiam,     <>n  lis*  lectMim:.  w^a^  ^je*:  Ta»*  ~ 
atii*;*  to  r..'-.  »-.,'  i.^ve  ^rnwa  .>I<i  tL«7ti»  ■•><  fcn   rwai.  "t^  ^^^ 
(i.ciii  Iff  a  irtr*-  n;.-.;  r;.*-?  have  s:.tfTCil  Todntb.     F-ir  tj*  m**:**-^ 
a  (l',g  inn-i;  ri*-.*rr  'e  p^e^(ec:  at  a  marnaze.'     In  cb*  7™^  -  ^  ' 
Frt-ii'h  •'/ii.er-  T:..,-»erir-  tirrettlir,,;  Laclaa  »tre  i^■;T^»o  jk*^ 
til*-  U'.vk  fl'.j  of  t.i'-.r  ^-ei.'-ral  -las  a  fiMuUar  spirrs  -if  ^*  "^*j;^ 

U...„:it.l 'i.:'tT.t.- .    A  .^:>;.r«««iKj^    Bo»."a.p.  [2*  :- :ia-i«r*»"^ 
*f.(r,.I  -r.tr.  U,- t..-.rr.r.-.  «'=«»rt.:.'ii.  *:««»3:.-»tW»««™iF"-""»»-'li7, 
t,    sf^l, /.'.'.• -r.:.-.^.'.'.  p  *.  «1  iieai  t-.-ir  •i.'^  t.» 
tiiF  iiti'li-rs'  ''  '■>*  '--r  tit'  ?■«-«  a/v  avw  v 

./,,,»(  C  >  .'.'.-r-a.  L-^  ISM.  3. 

' .UAiit,  '  :k*  Kir  Ej«i.  p-SS*- 
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personally  drew  up  all  plans  of  battle.     Among  the  Eathoniaiis  black 
logs,  cats,  moles,  and  cocks  belong  to  tliat  class  of  animals  tbat  innst 
be  sacrificed  at  the  raising  of  the  Kalevi  treasure.'     lu  Manchuria  the 
evil  spirit,  or  little  black  dog,  is  visible  to  the  sorcerer  alone.'    The 
s\iaiiiau»,  or  medicine  men,  sacrifice  a  dog  on  great  occasions  for  exor- 
cism.^    In  Kamchatka  a  dog  is  also  ottered  up  to  the  evil  siiirit  of  the 
\iilla.  the  entrails  are  strewn  around,  and  the  body  and  brad  legs  hung 
on  a  long  pole.*    Of  Pht^nician  origin  was  the  worsliip  of  the  goddess 
\ipoti  tbe  promontory  of  Kolias  near  Athens,  where,  on  the  second  day 
of  the  Thesmophoriaii  festival,  there  were  held  at  night  orgies  daring 
which  dogs  were  offered  up,  a  custom  which  fully  Indicates  its  oriental 
origiu.^     In  West  Timor,  as  a  declaration  of  war,  the  head  of  a  black 
dog  13  thrown  into  the  territory  of  the  enemy.' 

The  dog  was  worshiped  and  appeased  as  a  god  by  many  peoples,  as 

in  Aoierica  among  the  aucient  Peruvians  of  Xauxa  and  Uaanca,  where 

priests  blew  upon  the  skeletonized  heads  of  dogs.    In  Cnzco,  the  blood 

of  black  dogs  was  smeared  over  the  countenances  of  the-  idols,  their 

hearts  and  lungs  wero  used  in  angary ;  the  ears  of  dogs  used  at  a  burial 

were  cut  off.'    Similar  offerings  were  known  earlier  in  Yncatan.°     In 

Africa,  the  Baghirmi,  natives  of  Gabberi,  also  sacriHce  dogs.^    At 

ancient  Byblns,  in  Asia,  the  dog  was  sacred  to  Mars.    On  tlie  Lykos 

River,  in  Syria,  stood  a  hollow  idol  of  a  dog  which  sounded  as  the 

wind  blew  threw  it,  but  on  the  approach  of  an  enemy  barked,  in 

tones  audible  as  far  as  Cyprus.    The  dog  is  also  honored  by  many 

families  of  the  Ansiirii.     Zoroaster  ^so  makes  this  animal  sacred  and 

'    it  is  highly  honored  by  the  Kolis.'°    In  Sikkim,  the  household  gods  of 

the  Metch  are  distorted  iignres  of  a  god  often  pictured  as  riding  on  a 

dog."    In  Japan,  dogs  are  numerous  because  they  are  held  as  sacred. 

These  dogs  are  often  buried  so  that  only  the  head  remains  free.    Before 

the  uose  of  the  dog  is  placed  dainty  food.    After  this  Tantalus-like- 

tortare,  the  bead  is  cut  off  shortly  before  death  from  starvation,  and 

made  into  the  mysterious  box  of  the  priest"    That  a  long  time  ago 

I  Amhiv  ADthrop.,  X,  89. 

-  JonroBt  Gnogr.  Soc.  of  London,  1^2, 173. 

'Prschewalalcy,  Keisea  iiach  Thibet,  p.  ISO. 
'  *  Keonsn, Tent  Life  in  Siberia,  p,  113. 

■Olierhummer,  Pboeuizieriii  AkaTDanieo,  p. 60;  Movers.  Die Phoeuiz.  1,404 etseq.; 
Hundeoprer  bei  Phoeoiz.  Holm,  1, 89, 374. 

'  Ik'utsche  Geogr.  Blatter,  X,  229. 
'  'Humboldt,  Aiiaicht  d.Natnr,  1(M9,  I,  135,460;  Waiti^,  IV,  453;  Kolenati   Keise- 

erianeniQgon,  p.86;  Jouru.Geogr. Soc. London,  11,200;  SteO'eo,  Laudwirtliscbaft  bei 
d.  ultamer.  Vr)lkerii,  p.  29;  Pfailippi  in  Festsobi.  d.  Ver.  f.  Xaturkuude,  Caaael,  18S6, 
3;  Zeilsrhr.  f.  Ethnologie,  1»88,  20. 

'\V»iti,IV,309. 

<H.Barth'sKei3e,ni,571. 

">Ritter, Erdkuude,  XVII,  1, 62, 510;  Butlan,  Geogr.  u.  EtliuoloK.  Bildur,  p.  224. 

"  Deutsche  Rundacbau  f.  Geogr.  u.  Stat.,  X,  341. 

"Zeitochr.  f. allg. Erdk.,  N.  1\,  IV, 428 ;  Zeitsohr.  f.  Ethu,,  1877, 335. 
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offeriogs  of  dogs  were  made  at  S^kbalin,  was  determined  bj-  Puljatr 
from  discoveries  at  old  placet)  of  sacrifice,  where,  amoa^  coondc- 
other  boues,  ten  toothless  skalls  of  dogs  were  also  foaod.'  Tlie  Kan ^^ 
likewise,  in  order  to  iusnre  good  flsliiiig,  made  offerings  of  Aog&.  v: 
indeed,  of  tlie  best,  because  the  god  commanded  it;  these  were  sib, 
hanged  upon  trees.  It  cost  Mfyor  Abase  utnch  trouble  to  mate  tbcs 
oiiderstand  that  the  worst  dogs  wonld  answer  the  same  |>arpooe.-  1. 
northern  Siam,  between  Scwegun  and  lllatngbwe,  the  Karens  p^- 
pitiate  the  spirits  by  soBpeudiug  the  carcass  of  a  dog  from  an  im]4-- 
vised  altar  of  bamboo.^  In  Cambodia,  dog's  teeth  drive  away  ghoxr. 
and  ill  Samatran  traditions  dogs  play  siguiflcant  parts.*  In  tbe  OMms. 
the  people  sacrifice  dogs,  because  throngh  such  an  oBerinK  the  groni 
becomes  more  frrfitfal.^ 

In  Australasia,  nt  Samoa,  dogs  and  some  birds  are  consecrated  u 
the  greater  gods;  at  the  Solomon  Islands,  together  with  otb^  skolu. 
those  of  dogs  are  hung  in  considerable  numbers  in  each  village'  Ii 
Xew  Guinea,  at  the  Kaiserin-Augusta  River,  a  dog  waa  killed  ae  ■ 
sign  of  friendship  for  the  Europeans,  and  in  New  Zealand  Forties  fomtd. 
iu  an  audisturl>ed  cave,  the  carved  figore  of  a  Maori  dog,  which  wae 
contemporaneous  with  the  moa.' 

Among  the  ancients  I  will  only  mention  that  the  Romans  offered  tf 
to  their  goda  yearly  apon  their  altars  a  considerable  (jaantity  of  dog't 
flesh,  and  that,  in  tbe  temple  of  Zens  Adranos  1,000  dogs  were  used  u 
gnards.^  I  might  here  add  a  few  instances  which  show  that  dogs  arr 
also  regarded  with  significance  in  Christendom,  especially  daring  tJK 
Christmas  season.  As  Branchion  was  following  a  stag  witb  dogs,  the 
animal  took  refuge  in  the  cave  of  a  hermit,  and  the  hunters  and  dogi 
knelt  in  awe  before  the  cross.  In  France  it  is  believed  that  during 
the  Chdstiuiis  midnight  mass  the  animals  kneel  in  their  stalls,  hot 
it  is  very  imprudent  to  watch  them,  because  they  will  all  attack  yo«. 
In  Poland,  at  this  season,  the  young  girls  go  oot  into  the  yard  and 
listen  for  the  burking  of  the  dogs;  from  the  side  where  a  dog  barks 
a  future  husband  will  come.  In  tbe  Christmas  matins  of  Stralsuud, 
an  eyewitness  of  the  sixteenth  century  reports  that  qaite  different 
behavior  occnrreil;  the  honseof  Go<l  was  made  a  romping  place  for  tbe 
greatest  misconduct.  Young  men  sat  in  women's  clothes  on  the  women's 
chairs,  others  were  clothed  like  shepherds,  took  dogs  and  goats  along 

'  Beiae  n»cli-Sftchalin,  p.  -12. 
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'itli  tlicu,  rau  ap  and  down  tiie  viuirch  witb  these  beasts,  screamiitf; 
lid  rolling  over  each  other  ou  the  flour.'  Among  the  country  people 
if  India  a  similar  cnstom  prevails,  where  at  a  birth  festival  boys  and 
;irls  enact  a  scene  of  childbirth,  the  newborn  child  being  represented 
jy  a  yonugdog.'  Dogs  also  nnderstnnd  how  to  distinguish  between 
various  religions.  In  a  Chinese  writing  that  treats  of  the  preservation 
of  the  purity  of  the  Chinese  castoms  it  is  said,  "The  corruption  of  the 
foreign  devils  (i.  e.,  the  Itoman  Catholic  Christians)  is  so  great  that 
even  pigs  and  dogs  refiise  to  eat  their  flesh."' 

Many  people  suppose  that  if  dogs  are  allowed  to  gnaw  the  bonea  of 
animals  pursued  in  the  chase  or  used  for  sacrifice  the  hunt  or  the  offer- 
ing will  prove  ineffectual.    Among  the  Eskimos  the  dogs  mast  not 
gnaw  seal  bones  while  the  seal  hunt  is  going  on.*    The  Metschers  and 
Mnniwinians,  the  oldest  inhabitants  of  the  Tambol  Government,  after 
a  meal  instituted  iu  honor  of  the  war  gods,  throw  the  remaining  bones 
into  tbo  water  so  that  the  dogs  may  not  eat  theni.^    When  the  dog 
fails  in  bis  special  quality,  watchfulness,  he  deserves  punishment  ''even 
to  the  third  and  fourth  generation."    The  Romans  gave  to  their  dogs 
every  year  a  sound  flogging  because  their  forefathers  slept  during  the 
attack  on  the  capitol  by  the  Gauls  while  the  geese  gave  the  alarm  for 
which  they  have  received  so  much  honor.    This  cnstom  w:is  even  sur- 
passed in  Paris  during  the  time  of  I/ouis  XIV,  when  annually,  on  a 
set  (tay,  many  dogs  and  cats  were  buried  by  the  magistrates  witb 
fcHtival  ceremonies  on  the  Place  du  Gri-ve. 

In  (iermany,  several  centuries  a^o,  the  killing  of  dogs  was  allowed 
"to  Hiiyers  and  knackers,  also  to  doctors  and  students  of  medicine, 
that  they  might  tietter  learn  the  human  body;  further,  to  niKtthecaries, 
that  they  might  thus  obtain  medicines."  ^  Elsewhere,  also,  such  reme- 
dies have  been  found  efficacious.  The  Tchukti;hes  sometimes  kill  a 
dog  in  onler  to  anoint  and  heal  the  si<'k  with  its  fat  and  blood."  As  a 
remedy  for  FUaria  medinensiii  natives  in  Kordofau  drink  beer  (merissa) 
in  which  dog's  excrement  has  been  placed."  The  fetich  Koro,  a  dag 
witli  two  heads,  is  considered  in  Inshono  as  very  powerful  against  dis- 
ease." Through  dogs  may  diseases  also  be  occasioned,  as,  for  example, 
among  the  Nubians,  where  the  taking  in  of  a  dog's  breath  may  canse 
"the  worst  kind  of  internal  disorders." '"  •  ■  •  The  mandrake  root, 
well  known  in  ancient  German  and  Soman  times,  ap|ieurs  also  witb  all 

I  Lcvkf, History  of  European  Mornls,  II,  135;  Deateclie  Jiiger-Z.  XX,  3fS3. 
'ZeilMhr.r.EtbD.V,l84. 

'l!<sl>e!Ia  L.  Bird,  The  Golden  CbersoDeee.  ji.  69. 

<  KlnUchak,  Ala  Eskimo  nnter  K.,  p.  123.     Neiimayer,  Die  dentsch.  Expedit.,  II,  26. 
^AiiitlBDil,  18S4,  29. 

'ZeiUchr.  f.  deatache  KnltuTKMcbe.     N.  F.  V.,  56  et  eeq. 
'  'ganrt,  KeiM  in  d.  nonll.  Oegeoil  von  ruiui.  Asien,  p.  236. 

•Mamo,  Keiae  Id  Jm  Gebiet  dea  blnu.  ii.  weiaa.  Nils,  p.  406. 

"KeitscLr.  f.  Etho.,  VI,  9. 

"Scbwdufurth,  Im  Uerz.  r.  Afrlka,  II,  344. 
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a  association  of  sbeplienis  ati<)  dogs  in  Kgypt  alone  reaches  back  for 
ousands  of  years,  ne  see  from  the  sceptre  of  the  I'haraobs.  a  long 
cplierd's  staff  whose  crook  has  the  form  of  the  head  of  an  animal, 
(Icud  a  very  nel (designed  head  of  a  dog.  Wilkinson  saw  slinihir 
aHs  nmong  the  Egyptian  peasautM  of  to  day,  as  did  also  VIrchow  atid 
[;lilieinanii  at  Kpidauris,' 

In  Yule's  masterly  woik^  we  read:  "The  dogbead  featare  is  at  least 
s  old  as  Ctesias.  The  story  originated,  1  imagine,  in  the  disgust  wiih 
-liich  nllophyliiin  types  of  countenance  are  regarded,  kindred  to  the 
„'cliiig  whivli  makes  the  Hindoos  and  other  eastern  nations  represent 
he  aborigines  whom  they  superseded  as  demons.  The  Onbans  de- 
iuribed  tbe  Cnribs  to  Columbus  as  maueaters  with  dogs'  muzzles,  and 
ibe  old  Danes  ha<l  tales  of  Cynocepbali  in  Finland.  Ibn  Batuta 
lescribes  an  Indo-Chinese  tribe  on  tbe  coast  of  Arakan  or  Fegu  ds 
baviDgdogs'months,  but  says  the  women  were  beautiful.  Trio  Jordanus 
has  heard  the  same  of  the  dog-headed  islanders,  And  one  form  of  the 
story,  found,  strange  to  say,  in  China  and  diffused  over  Kthiopia,  rep- 
resents the  males  as  at-tnal  dogs  and  represents  the  females  as  women. 
Oddly,  too,  I'ci-e  Barbe  tells  us  that  a  tradition  of  the  Nicobar  people 
themselves  represents  as  of  canine  descent,  but  on  the  female  side! 
The  like  tale,  in  early  Portuguese  days,  was  told  by  the  Peguans,  viz., 
that  they  sprang  from  a  dog  and  a  Chinese  woman.  U  is  mentioned 
liy  Camoens  (10, 122).  Note,  however,  that  in  Colonel  Man's  notice  of 
the  wihler  part  of  the  Nicobar  people  the  projecting  canine  teeth  ai'e 
spoken  of."  To  these  words  I  will  add  the  following  notes:  Forbes^ 
speaks  of  the  tian^'formation  of  iidog  into  a  man;  according  toColipt- 
houn,'a  dog  married  a  "danghter  of  Yao,"  and  Itobert  Hartman'' 
discusses  the  tradition  that  in  I>8chur  lo  wate  {woman  town)  there  were 
only  women,  and  these  consorted  with  dogs. 

On  the  island  of  Hainan  tbe  aborigines,  the  Li-tse,  descended  f^om 
dogs,  and  therefore  yet  have  tails  as  appendages.'  liadloH'^  speaks  of 
the  origin  of  the  KLirgities  fnuti  dogs.  The  Ainos  trace  their  deriva- 
tion from  the  offspring  of  a  woman  and  a  dog."  Also  in  America  many 
stocks  derive  their  own  origin  from  dogs — for  exaniple,  the.Ohnchacas, 
the  Kadiaks,  the  Chippe  ways,  the  Dogrib  Indians.'^  According  to  Boas, 
this  viiuie  to  pass  in  the  latter  case  very  easily.  A  woman  drit  en  from 
kcr  tiit>e married  a  dog,  bore  to  him  six  dogs,  and  once  surprised  them 

'Zeitachr.  r.  Etbn.,  XX  (3tll). 

^Tlieliooliof  Marco  Polo,  11,252. 

'Kastein  ATcliipeluco,  p.  100. 

*  Aionugst  lllB  ShanB,  p.  45. 

'ZelUcUr.r.  Etbn.,  II,  138. 

'AuBlaml,  1K84,  916. 

'PeUrm-Mitth.,  1HG4,  165. 

' l^eitscbT. r.  Ethn,,  XIV  (IHO);  of.  Bird,  UobeateD  Tracks  id  Jnpati,  II,  33;  Aas- 
Imil,  im,  812. 

"Mtwlir.  f.  Elhn.,  VI,  272;  Zeitiwhr.  d.  Ges.  f.  Erdk.  Berlin,  II,  433;  Wait/, III, 
191  ;1liiDctul'(,  .Native  KuccB,  I,  IIR;  ritenii.  Mitth.,  ItfOl,  Litt-ratur,  p.  102.  .  >  ■ 
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with  tlieir  skiDS  off,  at  ivhich  time  they  were  children.  She  rrri 
took  their  Bkins  away,  and  they  coDseqneDtly  became  meo  a^.  i 
aiicetitors  of  these  Indians.  Ba^tian'  informs  ne  tbat  men,  on  »^  : 
of  evil  deeds,  may  iose  their  voices  and  mnst  for  pnaisfam^t  ban  i 
dogs.  Ill  conclusion,  I  will  give  only  two  more  examples.  Tkj'  i 
BOnls  of  men  may  find  homes  in  the  bodies  of  dogs  is  held  at  Tuo^t  : 
and  at  Africa,  where,  among  the  Baschilange.  ai-rording  to  Pogp.  i 
fiiith  i»revail9.  Therefore  tliey  call  those  who  eat  no  dog's  -  i 
"  Muschilambus."  Whether  this  is  becanse  of  any  venerarkM]  u  i 
dog  he  does  not  know.  Kalambo,  however,  has  all  dogs  killed  U-  i 
th^y  are  magical  beings.' 

For  a  number  of  years  ]>ast  I  have  been  working  od  a  book  vfa'     i 
to  contain  a  collection  of  the  names  given  to  mammals  by  all  pw 
and  it  will  be  readily  understood  tbat  in  this  c<dlectioa  tbe  d<s.j' 
tions  for  the  widely  distributed  dog  sarpass  all  others  id  namber. 
ns  see  what  dednctions  can  be  drawn  from  the  names  ei^co  to  dop 
savages  in  the  fonr  qnarters  of  the  globe. 

Among  tbe  African  names  for  the  dog  there  is  ooe  tbat  is  al^  z=^ 
for  animals  in  general ;  among  others  there  are  several  that  are  atti 
one  and  the  same  tribe  for  swine.  This  favors  tbe  view  that  tbe  ear:- 
dogK  among  them  were  not  osed  either  for  the  chase  or  as  jmanlij.  - 
but,  like  swine,  for  food,  iterhaps  as  far  back  as  that  epoch  when  :. 
northern  part  of  Africa  had  a  different  couformatioa.  togecber  vi:.  ■ 
different  flora  and  fanna. 

in  Xorth  America  a  comparison  of  the  words  fot  wolf  and  d«^  sb ' 
us  that,  as  was  also  known  from  zoological  reasons,  the  d<^  di$tnba> 
from  north  to  sontb  was  i»rtly  derived  from  tbe  Camis  lm*rmm*  bjiL- 
somewhat  active  inten^nrae  between  the  Indian  tribes  of  the  Sonhwi-- 
and  the  i>eople3  of  northeastern  Asia,  and  also  tbat  at  an  eariy  pn-  ^ 
the  dog  of  the  Tcbnktches  and  Kamchatkans  caaw  over.  fi>r  tbe  Ku 
chatkan  name  for  dog  is  also  found  in  America.  When  later  tbe  Esn- 
pean  horse  was  bronght  on  he  frequently  received  tbe  naneof  sear 
species  of  deer;  bat,  as  he  soon  became  iudispeasable.  be  nmitii 
receiveil  the  same  name  as  the  only  domestic  ani«a1  tb^  had  hitti^. 
had;  so  in  Dakota  the  mystical  word  for  horse  is  ^aekmmtm-mmiai.' 
tbe  holy  or  spirit  dog. 

In  South  America.  a.s  in  Africa,  we  sometimes  fiad  tbe  Tian-niwi-n' 
for  dog  and  pig:  occasionally  the  same  for  dog  and  beast  ofprev.  T.t 
bare  word  UhiHu  (dog)  is  tbe  same  as  the  Boto^ado  f^tar  aniaul.i.'- 
thiirke  HtwArdtf/trFBft  among  the  Mirjnbas:  in  tbesaMevaytbe  b.^^ 

0  reeks  call  the  horse  generally  the  animal,  the  ItaHaas call  sheep  ^(fw*. 
on  the  Koma^ia  j-Vr-rn:  the  Greeks  of  Thira  designate  .til  bna&M 

1  '"      -.'i,,..  in  Syr*  irregularly  ro  Krirra.    Tbe  a^e of  the  ^'j    , 

r..  Enik..  I.  K<*- 
n.  t.r«.  IB  IVacwUinO.  IV.  ZiS:  'Kimmaa^.  "■      '|[iiim|1 
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-inerican  aborigines  can  not  be  moasnred  by  mcaus  of  historical  data, 
iu.t.  Q^ay,  iierbapa,  be  estimated  in  aootlier  way.    The  meal  industry  is 
itliout  doubt  the  most  signiflcaot  feature  of  the  civilization  of  these 
clbeB  t-o  ^vbom  the  use  of  luilk  and  its  products  is  entirely  uuknowu. 
'lie  Old  "World  used  only  inuocaous  grain  food  plants,  increasing  them 
>'y  cultivation  and  forming  from  their  produ^^'ts  meal  and  bread.     In 
^outb  A.inerica,  on  the  contrary,  a  very  poisonous,  quickly  fatal  plaut 
ft  Qrat  deprived  of  its  poison,  and  the  porridge  then  made  from  it  is 
rendered  palatable  by  the  addition  of  the  juice  from  the  little  Limonia, 
tbe  bark  of  Dict/pellium  caryophyllatum,  aots,  or  honey.    The  customs 
of  eliangtiigf  the  fruit  of  the  Oulielma  specioaa,  of  producing  yellow  par- 
rot featbers  by  means  of  frog's  blood  (among  the  Munderucus),  and 
many  similar  ones  that  are  widely  spread  also  point  to  an  old  civiliza- 
tion witli  ■which  many  races  of  dogs  may  have  been  contemporaneous. 
In  southeastern  Asia  we  meet  with  a  word  for  the  dog  that  means 
animals  in  geoeral;  in  another  case  his  designation  is  the  same  as  that 
for  the  borse,  the  pig,  and  carnivorous  animals,  and  the  same  obtains 
ill  the  Ural-altaic,  Slavic,  and  Germanic  tongues,  where  the  designations 
for  dog,  wolf,  and  fox  have  often  the  same  origin.     Three  thousand 
years  ago  the  Chinese  called  all  the  nomads  of  the  west  dogs,  and  the 
■word  dog  in  Turko- Tatar  was  derived  from  "e("  (low,  base)  or  from 
■     "kurt"   (greedy  animal)..   The  Turanian  ideogram  for  dog  is  wr-fr«, 
whicb,  i»«cording  to  Ualevy,  is  derived  from  ur  (flesh-eating)  and  ku 
(domestic).     It  is  strikiog  that  the  root  words  for  dog  and  bear  never 
agree,  while  those  for  dog  and  the  smaller  carnivone  sometimes  do  so. 
The  statement  of  Leland,  "all  ignorant  and  anscientitic  i>eopIe  give 
to  unnamed  animals  the  name  of  some  creature  with  which  they  are 
familiar,"  holds  good  for  the  savages  of  Australia  and  Uceauica.    Many 
■words  for  dog,  such  as  keru,  signify  also  animals  in  general;  so,  ulso, 
kern  kejerik,  the  rat  animal,  i.e.,  cat  (Museum  Godeffroy,  I,  43);  others 
signify  also  pig — for  example,  buga,  brooas  (Pott,  hUytnology.    Fasch- 
ungeu,II,  1,138).     Kittlit/,  (II,  8)  remarks  that  after  one  had  ouce  seen 
a  pig  every  large  animal,  even  the  cat,  was  called  cochon,  jnst  as  the 
Jakuts  nse  the  Mongolian  word  for  pig  {clmchai)  as  a  designation  for 
the  leopard.    At  Queen  Charlotte  Sound  the  natives  called  all  the  quad- 
rupeds that  Cook  had  with  biifa  dogs.     (Voyage  toward  the  South  Pole, 
1,125.)    As  the  sailors  in  calling  the  dog  toward  them  said  "come 
here,"  so  the  inhabitants  of  Mortlock  Isla  d  afterwards  called  the  dog 
"  comebere." 

In  the  Yerdidad,  the  oldest  and  most  genuine  portion  of  Zendavesia, 
it  is  said:  "The  world  is  maintained,  by  the  intelligence  of  the  dog," 
and  Brehm  adds  to  this:  "We  can  not  conceive  of  savage  man  without 
the  (log;  still  less  can  we  imagine  the  educated  and  cultivated  inhabit- 
aiils  of  the  thickly  i>opii1ated  parts  of  the  earth."  The  dog  is  a  part 
of  wan  himself.  He  is,  as  Fr.  Cuvier  expresses  it,  the  most  remarkable, 
complete,  and  useful  acquisition  which  man  has  ever  made. 
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By  M.  Bebthelot. 


Oeber,  tlie  Arabiau  pbilosoplier  and  cbemist,  asserts  that  the  perfec- 
tion of  a  being  depends  upon  au  exact  equilibriuui  amoug  its  eleiueiits, 
"WheDevev  tliat  state  of  ei]uilibriuni  is  obtaiued,  he  says,  the  being 
becomes  iuiinortal,  because  tlieie  is  tlieii  a  complete  compensation 
betweeu  its  opposing  eleoients  and  nature.  Whatever  may  be  thought 
of  Buvli  reasoning,  ideas  aud  deliuitious  of  this  kiud  correspond  but 
little  with  tlie  conditions  that  affect  genius  in  iirt  and  science.  In  fact 
power  aud  beauty  generally  are  the  re:iult  of  the  exaltation  of  certain 
qualities  develo[>ed  with  an  unusual  inteusity;  this  couslitutes  the  true 
originality  of  genius,  and  all  compensation  betweeu  contrary  aptitudes 
lesults  in  a  certain  mediocrity. 

These  truths  have  rarely  found  a  more  striking  application  than  in 
the  career  of  Brown-Sc'ijuai'd.  Ho  possessed  qualities  of  imagination 
and  of  nrigiuality  characteristic  of  great  discoverers,  rather  than  those 
habits  of  precision,  accuracy,  and  application  that  belong  to  scientists 
of  repute  in  tlieir  worli,  scientists  that  are  perhaps  more  esteemed  in 
the  academies  because  they  have  fewer  imperfections.  Still,  let  us  not 
forget  that  it  is  the  inventive  minds  that  keep  humanity  going. 

Browu-Sequanl  was  an  inventor,  and  some  of  his  fundamental  ideas, 
thought  to  be  strange  and  almost  senseless  at  the  time  they  were 
expressed,  iu  the  crude  state  in  which  he  frequently  left  them,  have  yet 
shown  au  originality  as  marked,perhaps,  as  thoseof  Pasteur  or  of  Claude 
Beruard.  Brown-Sequard  left  a  profound  mark  on  the  biological  field 
because  he  had  a  very  high  ideal  of  science,  an  ideal  that  he  pursued  in 
spiteof  all  obstacles  with  a  passionate  devotion,  sacridcing  toittheidols 
ordinarily  worshiped  by  man — money,  position,  and  honors.  In  bis  busi- 
ness affairs  there  was  the  same  iustability,  the  same  want  of  balance  as 
in  his  intellectual  career,  and  he  passed  an  existence  as  wandering  and 
agitated  as  that  of  a  scientist  of  the  sixteenth  century.  He  spent  his 
life  betweeu  two  races,  the  French  aud  the  Anglo  Saxou,  to  both  of 
wbicli  be  belonged  by  family  connections,  traversing  the  routes  of  the 

<A  puiiei  read  at  the  aunual  public  seMJoii  uf  tlie  Aciidi^iuie  des  Sciences,  of  Puhb, 
D«c«Diber  19. 1S9S.  Translated  from  the  Bevue  SclentiAque,  fourth  srrieB,  Vol.  X, 
pp.  tiOl-812. 
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work),  fVom  the  Indian  Ocean,  where  he  was  bom,  to  the  ontt^> 
Enrojie  and  America;  sometimes  an  experimeoter,  sometimes  acor.^ 
ing  physician,  sometimes  a  scientific  joamalist,  and  sometimes  a  ;. 
feasor;  at  Paris,  at  London,  at  Dablin,  at  New  York,  at  Boston.  ■.:.- 
the  time  when  he  fonnd  in  his  later  years  a  resting  place  and  tberr; 
of  his  career  in  onr  old  bat  always  yonthfol  College  of  Prance,  a^*?. 
an  asylam  for  original  intellects,  and  to  oar  Academy  of  Sciences 
final  consecration  of  scientific  work. 

Sach  is  the  man  whose  life  and  work  I  am  about  to  try  to  eketeh. 

Charles  Kdonard  Browii-S^qnard  was  bom  April  8,  1317,  at  Por 
Lonis  (Maaritins)  of  an  American  father.  Brown,  of  Pbiladelpfaia.  ^: 
a  Frencli  mother,  who  was  a  Mile.  S^nard,  of  Provenyal  origin.  U. 
father,  a  captain  in  the  merchant  marine,  went  to  sea  with  his  ves^e 
some  months  before  the  birth  of  bis  son,  and  was  never  beard  of  a^ 
Brown's  lot  was  in  this  respect  like  that  of  E.  Benao,  who  also  h? 
his  father  nnder  similar  circumstances.  Oar  scientist  bore,  in  bispbr^ 
ical  frame  as  iu  his  intellectaal  character,  the  traces  of  this  dooNr 
origin,  modified  by  the  climate  of  his  birthplace.  From  hia  mother  > 
inherited  that  southern  vivacity  and  sympathetic  cbaract«r  tin: 
attracted  so  many  to  him,  while  from  his  father  he  derived  that  adro- 
taroQS  boldness  which  he  carried  into  liis  experiments,  and  also  tb>: 
ability  to  promptly  change  the  Burroundings  of  his  life  and  to  wort 
without  cessation  daring  the  constant  shifting  about  of  an  adveotunm 
career.  The  tropical  land  where  he  was  born  endowed  liim  with  tht 
physical  characteristics  of  the  Indian  creole.  Formerly  a  Frenrk 
colony,  it  was  torn  away  from  its  native  coontry  by  the  disasters  of  liSll, 
because  it  was  a  naval  station  of  the  first  rank,  being  the  base  of  tbe 
bold  expeditions  conducted  by  Dupleis  and  La  Bourdoaoais,  in  tlx 
eighteenth  century. 

Therefore,  England,  who  hastens  to  seize  every  island,  every  cape, 
and  every  utrait  tliat  controls  the  sea,  did  not  neglect  to  possetw  herself 
of  Mauritius  at  tbe  time  of  our  misfortune.  Tbe  population  has,  bov- 
ever,  even  to  the  present  day,  preserved  a  certain  attachment  for  tbe 
country  from  whicli  it  sprang. 

When  Itrown-Sequard  was  born  Mauritius  was  no  longer  French  ter- 
ritory, and  this  wsia  the  reason  why,  when  after  a  wandering ezistenn^ 
he  wished  at  the  decline  of  his  life  to  settle  finally  in  France,  it  was 
necessary  for  him  to  become  naturalized.  Still  his  native  tongue  wis 
French,  and  wlien  he  made  his  first  visit  to  the  Cnited  States  ho  va» 
obliged  to  learn  Knglisb,  which  be  did  daring  the  voyage. 

In  tbe  midst  of  privation  and  poverty  his  mother  raised  him  with  ■ 
tenderness  of  which  he  always  preserved  the  most  lively  remembrance. 
She  lived  hy  the  work  of  her  needle,  employing  au  aged  negro  to  !«ll 
her  embroidery.  Thus  it  was  that  our  future  colleague  was  initialed 
into  tlie  severe  struggle  for  existence,  an  initiation  that  temi>ers  (he 
'lirit  of  those  that  can  submit  to  it  without  shrinking.     It  ia  veil  to 
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detail  it  here  in  order  that  we  may  luiderstaiid  the  courue  wbiuli  Brown 
puranf<l  for  a  Inng  time  iind  the  incomplete  character  of  his  worka. 

■A.t    1 0  years  of  iige  he  became  a  clerk  in  a  colonial  provisiou  RLore, 

'vsrliicli  \vasalao,asiD  Italy,  aplaceofieudezvous  and  gossip,  so  that  the 

young   inau  was  in  contact  not  only  with  the  laboring  people  but  also 

witU  tlie  cultivated  resideuts  of  the  neighborbood.    He  showed  the 

iuQueitce  of  the  latter  by  writiug  poetry,  romances,  and  plays,  a  begin- 

iiing   often  miide  by  those  who  have  not  received  a  regnlur  education, 

Xii  reality  these  attempts  are  about  equivalent  to  the  scholastic  exercises 

produced  by  the  rhetoricians  and  phihisophersot'our  graduating  classes. 

A.t  2()  years  of  age  Brown  set  out  with  his  mother  for  Paris,  then  tLe 

ideal  center  of  attraction  for  natives  of  Mauritius.    Immediately  on  his 

axrvval  in  183S,  counting  innocently  on  his  literary  talents  for  support, 

lie  presented  his  works  to  Charles  Nodier,  who  hastened  to  enlighten 

liim  -as  to  their  true  merit  by  saying,  "  In  order  to  live  you  must  take 

up  some  regular  bnsineAs,  uiy  friend." 

Claude  Bernard  had  in  a  similar  manner  begun  by  writing  a  tragedy. 
Sut  without  being  rich  he  was  not  so  poor  as  Brown-Si^qoard.  The 
latter,  also  like  Bernard,  followed  the  advice  given  him  and  decided 
that  he  would  become  a  physician,  a  profe8!>ioii  for  which  be  had  hith- 
erto shown  no  predilection. 

This  profession  did  but  little  toward  satisfying  bis  immediate  wants, 
for  it  could  bring  in  nothing  until  after  long  years  of  apprenticeship. 
Besides,  Brown-S^quard  had  no  preparation  for  it  whatever;  preliminary 
scientific  knowledge  was  wanting  as  well  as  material  resources.  Special 
qualifications  were  also  needed,  bat  of  these  there  was  fortunately  no 
lack. 

The  mother  and  son  leased  rooms  in  the  rue  Fcrou  near  9t.  Sulpice, 
and  there  gave  board  and  lodging  to  students  from  Mauritius  who  were 
more  fortunate  than  tbey. 

These  little  groups  of  foreigners,  clustering  around  their  compatriots, 
are  common  in  Paris;  it  is  greatly  to  be  regretted  that  the  administra- 
tioii  has  of  late  years  made  constant  cfi'orts  to  discourage  them  and  to 
get  them  attached  to  faculties  in  the  provinces,  where  they  will  not 
aci)uire  so  i-eadily  a  hearty  sympathy  with  our  national  life. 

lu  the  meantime  Brown- Scquard  was  at  work  trying  to  amend,  or 
rather  to  completely  renew,  his  education.  He  prepared  at  the  same 
time  his  medical  examinations  and  two  baccalaureate  courses  in  letters 
and  sciences;  for  it  had  not  yet  pleased  the  authorities  to  prolong  tlie 
duration  of  the  (»>arse9  which  are  now  retardetl  by  a  series  of  bai  rier» 
reguliiily  spaced  ofl'. 

Our  future  colleague  fllleil  a  double  ofiice,  that  of  pupil  in  the  labo- 
ratory of  Martin  Magron  and  that  of  tutor,  transmitting  the  knowl- 
edge that  be  had  just  iiequired  to  bis  leas  active  and  less  intelligent 
comrades.  This  is  a  profession  in  which  more  than  one  of  us  has  com- 
menced his  career,  thus  tindbig,  as  did  Brown-Suquard,  the  pecuniary 
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rCMMnre^  aff**»ary  tor  obtuBing  aa  edaeatiott.  It  iihiwlil  bat  bp  -- 
p^Hcd  tbat  tliCMe  rooditioas  are  absoliitriT  iiD&Tnvable;  «b  1i.«  ■ 
trarr.  by  leacliiog  one  U  forrcd  to  leara  mocc  tborvmsUy  «&^- 
tanghC:  •^•lu*  uilbor.  whose  aamt  I  dn  aot  rcaembcr.  kA»  «aM  lU' 
order  *'i  Uaeb  it  i.->  dcccsbut  to  kaov  a  aabfcrt  tvice  arvr.  ^  tc»  - 
lon-t  n-rtainlr  apply  hiooaeir  to  thisk  oat  aad  aagmitatg  hx«  ssbiwr: 
a  way  D<rt  often  aeeooiplUbed  b^  the  jCMWg  stBdvvC  wbo  pav-$  m^.' 
attention  to  tbe  lesaou,  lutenisg  with  a  distracted  miiMi  snd  peri.. 
Tifver  tliiukirt^of  it  again. 

It  wa'4  i>f  cxiitart  with  tbeve  Pariioaii  Baxters  tbst  tbew  CMmt ' 
Bptvn  di-iioafl  the  revelation  of  hi*  tme  voeatiDo.  wbieli  h^d  h:^- 
rcrii^i.ned  rrlK>cart-.  While  reprodoring  the  ex[WTTKkeiit#  o:  ••then  ~ 
tbe  latH^ratory  f>f  Martin  Magron.  beeoticeived  the  idea  of  expexiBr  ' 
ing  <^tti  lii«  own  accoonl:  bi«  paasioa  for  pbyvioloeT  burst  Corth  j: 
ar"i~teil  to  sustain  him  in  the  inid>t  of  painfnl  trtaN  vfaihr  be  w-a.«  eate 
iiig  tifron  a  life  of  dii^imlties.  He  was.  in  Eart.  eooa  snhjectcai  to  bcc 
{M-r!40iial  aii'l  family  trooble^ 

A  di.<--4ectiiig  woand.  an  aeeident  rtill  too  frequent  matttng  stadeau. 
nia'lf  biin  ill  for  long  moDtfay.  Scarcely  bad  he  rvcorered  when  be  t"-' 
hit  ii;<it)i>T,  hi*  ill-voted  oompaoion  and  ioipport.  BrowD-S«-4|iiard  fcai 
a  ;>^'riliarly  f^ii^itive  and  aOin-tioaate  nature,  which  often  made  ba 
nnbapiiy  during  the  coarse  of  his  life.  Prostrated  by  this  anexpea  tK 
[Stroke,  (^nif^l  away  by  an  irresistible  inSoence.  and  semidelirioas.  U 
(inittM  Paris  nnd  embarked  for  his  native  land.  Hardly-  arrived  tk«r- 
tnore  r<^Iuce<l  iu  material  reaonrces  than  ever,  and  Gndii)^  it  im|M)Ssi!  ir 
tit  renew  them  in  so  restricted  a  ^here.  he  obtained  the  aid  of  a  frini 
ft  retnrn  to  Paris. 

Fnetid»  were  never  wanting  to  Brown-Setinard.  Like  all  fovinf 
nntiireM  htf  always  receivetl  keen  and  affectionate  sympathy. 

He  then  rftnnied  to  Paria,  poorer  than  ever,  to  finish  bis  medial 
ftuilies.  workin;r  in  a  poor  chamber  and  noarisbed  aometimes  on  only 
<lry  hrfad  and  wnter;  withoot  fire  in  the  dead  of  winter,  living  helta- 
skelter  with  gDin^a  pigs  and  rabbits,  the  sabjectsof  bis  experimcntf.. 
who  w^n-  beiicefortb  to  be  bis  compaaicws  oi>  to  bis  very  last  mofaenlfi. 
for  hiilf  a  century. 

He  graduat<-d  in  medicine  in  l&tO,  pablishing  in  his  thesis  a  pr^liB- 
iiiary  skHch  of  hi.s  resMirches  on  the  iier^oos  system. 

1 1  .ibonld  not,  however,  be  sapposed  tbat  Brown  was  always  nnliaf^y; 
as  is  utnal  in  yoath  he  lire*!  npon  imagination  and  hope,  exalted  by  his 
diKcoverie.H.  lie  often  in  after  life  referred  to  tiiese  first  years  vitli 
affectionate  remembrance. 

Thin  yoang  man,  so  iiidnstrions  and  zealous,  conid  not  long  ftil  to 
receiwM^  from  tboM  itronnd  him — Md  from  (he  yooog  Mientiste  and 
artiaf  '  own  ;■        lid  also  from  scientists  who  had  already  becoDie 

famoi:  e  s1l<  .iccnse  some  of  the  latter  of  being  MlGgh  and 

iatioQ  which,  as  all  this  company  knows,  it 
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voulil  l>e  very  unjnst  to  make  general.  Amoog  tbe  devotees  of  science 
liere  are  many  wlio  are  happy  to  aid  and  encourage  beginners,  to  sus- 
:a.iii  them,  and  to  liand  to  tliem  in  tarn  the  torch  of  science,  vhich  it  is 
>iir  duty,  our  honor,  and  oar  pleasare  to  keep  burning  still  more  bril- 
liantly daring  the  next  generation. 

In  this  manner  Brown- St^quard  lived  nntil  aboat  1<S4S.  At  this  epoch, 
so  fertile  in  disclosures  and  in  quickly-blighted  hopes,  he  found  himself 
placed,  because  of  Lis  experimental  work,  in  relation  with  the  Society  of 
Siology,  fouude<l  during  that  very  year,  and  of  which  he  wus  later  to 
liecome  one  of  the  principal  pillars  of  support. 

The  Society  of  Biology  had  jnst  been  founded  at  the  instance  of  cer- 
tain young  men,  such  as  Charles  Robin,  Claude  Bernard,  Follin,  and 
otbors  whose  names  have  become  well  known.  Brown  St-quard  wa»t  one 
of  its  first  four  secretaries.  It  was  and  has  not  ceased  to  he  an  eseellcnt 
foniiu  for  the  study  and  discussion  of  problems  of  iisitural  science,  a 
tbrum  less  solemn  thiin  those  of  the  academies,  the  discussions  being 
more  friendly,  not  being  exposed  in  the  same  degree  to  disturbing 
vanities  and  personalities  unduly  excited  by  a  sometimes  excessive 
publicity.  There  is  found  there  a  sincerity  and  consequently  a  greater 
certitude  in  the  demonstrations  as  well  as  the  concurrence  and  col- 
laboration of  comrades  of  the  same  age  not  yet  disunited  by  the  rival- 
ries of  a  career. 

On  the  other  hand,  resources  of  all  kinds  were  scanty  at  the  Society 
of  Biology.  Science,  especially  at  that  time,  furnished  hut  little  to 
beginners.  Since  then  the  Uepublic  has  increased  these  rt'sources, 
especially  in  the  form  of  those  scholarships  for  superior  instruction, 
which  have  in  recent  times  been  unjustly  atbicked  hy  those  who  have 
narrow  TiewB,  and  who  are  perhaps  actuated  hy  jealousy  of  progressive 
methods. 

While  the  Society  of  Biology  did  not  furnish  the  same  resources  as 
we  have  at  our  command  to-day,  it  nevertheless  aided,  even  from  the 
first,  the  young  scientists  who  crowded  to  its  ranks,  attracted  both  by 
the  confraternity  of  scientific  work  aud  by  the  good  will  of  the  first 
president,  Bayer.  Bayer  waH  a  man  of  cspericDce  and  Judgment  rather 
tliaii  of  originality;  a  clever  man  who  had  hy  his  merit  attained  a  good 
position,  both  from  a  pecuniary  and  a  scientific  i>oint  of  view.  This 
did  not  prevent  him  from  remembering  that  in  his  youth  be  had  saf- 
feretl  from  the  religious  aod  philosophitial  intolerance  of  the  Restora- 
tion, which  had  barred  him  from  a  teaching  career,  and  he  took  pleasure 
in  protecting  young  scientists  and  in  aiding  them  by  his  influence, 
«bicli  vma  great,  and  which  was  to  become  much  greater  by  reason  of 
tlie  repate  that  attached  to  him  because  of  profesaional  medical  services 
rendered  to  prominent  and  powerful  people.  Clautle  Bernard,  Charles 
Itobin,  and  others  also,  among  whom  I  have  the  honor  to  count  myself, 
liave  received  from  Bayer  assistance  in  their  careers  which  they  have 
iii'ver  forgotten. 
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Buyer  tbna  gave  to  Brown-S^qaard  his  first  opportunities  for  v-\ 
he  ioterested  Limself  iu  him  and  confided  to  his  care  certtun  pMi- 1 
whom  be  thought  onght  to  be  treated  by  galvaiiiBni. 

The  next  year,  ia  1849,  daring  that  deadly  epidemic  of  cbolera.  wh 
left  a  profonnd  iupresaion  on  the  tniuds  of  the  stadents  aDti  docto.v 
my  time  who  were  called  to  treat  tbe  eicli  and  dying.  Brown  Se<](u 
was  appointed  as  aasistaut  physician  at  the  military  hospital  of  Gr  - 
Caillon.  It  was  a  dangeroas  post,  roqniriiig  devotion  to  daty.  Btv 
never  drew  back  on  such  occasions. 

Still  his  means  of  existence  cootinaed  to  be  ancertnin.  In  IS^  -- 
found  binself  at  tbe  end  of  his  resoorces,  and  his  republicau  optnie:-- 
hardly  permitted  bim  to  hope  for  any  official  siip|>ort.  Be  emtn-'i^-- 
for  New  York  on  a  sailing  vessel.  He  was  ignorant  or  the  laogna?':  ' 
the  conntry  where  he  was  going  to  seek  his  fortune,  bot  he  sniQin^ 
said  that  he  coaiited  on  the  length  of  the  voyage  for  learning  £n^  - 
and  on  bis  profession  for  aabsistence  when  he  had  onee  arrived  in  [.- 
United  States.  He  showed  at  this  time  that  mixtnre  of  almost  chtlil>: 
want  of  foresight  and  self  confidence  that  characterized  his  entire  IJTr- 
tossed  about  incessantly  from  fortune  to  poverty,  always  rescned  bef«f 
reacbiug  tbe  last  extremity  and  always  recovering  himself  by  hison 
energy. 

Thus  it  was  that  be  commenced  that  irregular  career  that  led  faia  if 
many  times  ttom  France  to  England  and  to  America,  and  from  Amcrin 
to  England  and  to  Prance,  attracted  on  the  one  hand  by  the  desire  he 
a  life  iu  Paris,  the  only  place  where  his  scientific  instincts  were  eoa 
pletely  satisfied,  and  on  the  other  by  bis  Anglo- American  traditicu 
that  led  bim  to  seek  for  a  liring  in  New  York  or  London,  where  appM 
science  was  more  generonsly  compensated.  He  crossed  tbe  OL-ean  c 
this  way  more  than  sixty  times  in  the  coarse  of  a  half  centary. 

This  existence  of  a  scientist  wandering  from  country  to  eoantiT 
becomes  more  and  more  rare  and  dtfficuIL  Daring  the  sixteatb  (cu- 
tary  it  was  almost  the  nsual  method  of  life.  As  tbe  new  sfKrit  of  tk 
Kenaissauce  found  but  little  encouragement  iu  the  old  ecboIastM-  nni- 
versitiea.  scientists  and  artists  were  then  in  tbe  habit  of  waodetiiif: 
bt'tweeii  Fnince.  Ituly,  (Germany,  and  eometines  Englsml.  seckiog  tb« 
protection,  too  often  capricious,  of  pnncesand  sovereigns  In  tbeseno- 
teenth  century  Louis  XIV  called  to  France  t'assini,  Hnygbeas.  aad 
many  others,  some  of  whom.  indee<l,  (i>nndt^  dynasties  there. 

Tbe  €ight«enth  century,  with  its  ideas  concerning  the  oraral  and 
intellectual  unity  of  tlie  human  race,  was  lavorable  to  this  waadm^ 
habit.  Even  in  our  own  ilay^  «re  have  seen  that  in  the  early  purt  of  tk 
present  centiuy  it  was  kept  up  between  France,  Italy,  and  (^erauy. 
as  well '  '  '  ''  Germany,  Bn^binU.  and  Russia.  It  woald  be  akkt 
to  i-ite  vples  of  thi^  but  since  the  wars  of  lb«  last  forty 

years  f  'ishe*!  the  grectt  Koiopean  Sbiies  these  powers 

jiave  1  loiis  of  each  other:  each  has  tried  to  pmare 
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>re  un<3  more  tfae  advantages  of  ita  ovu  9tate  for  its  own  citizens, 
lis  tendency  to  exclusion  has  begun  to  affect  even  the  United  States. 
>e  life  of  a  wandering  scientist,  sucli  as  Browti-St^qnard,  lias  there- 
ro  l>econie  quite  difficult.  Perhaps,  indeed,  it  woald  not  have  been 
>ssil>le,  even  in  bis  time,  bad  be  not  possessed  8i)ecial  qualities  derived 
om  bis  racial  origin. 

A.lt\iougb  we  can  thus  easily  explain  the  national  exclusiveness  of 
le  present  day,  we  may  perhaps  in  certain  respects  see  caase  to 
egret  it ;  for  the  exchange  of  ideas  and  conceptions  between  peoples 
«  more  easily  effected  by  means  of  persons  than  by  books,  and  this 
'Xcliange  is  indispensable  for  the  general  diffusion  of  knowledge  and 
lultnre. 

lilardly  had  Browo-StJqnard  landed   at  Kew  York  when    he  was 
obliged  to  give  lessons  in  French  to  support  himself.    He  made  the 
acquaintance  of  some  of  the  distinguished  physicians  of  the  city  who 
had  attended  at  Paris  the  lectures  of  Magendie,  Andral,  and  Bouillaud. 
They  obtained  for  him  the  post  of  t«acber  of  expeiimental  physiology 
in  one  of  the  American  medical  schools.    At  the  present  time  a  young 
Parisian  physician  would  hardly  find  snch  resoorces  in  Sew  York.    In 
the  first  place,  because  scientific  culture  has  remarkably  developed  in 
America  during  the  paat  half  century,  and  the  Americans  find  amoug 
themselves  the  necessary  teachers;  but  also  because  we  no  longer,  to 
the  great  damage  of  French  indueuce,  give  the  same  welcome  to  for- 
eign stadents.    Too  fVeqaeatly,  repulRcd  by  us,  they  go  to  complete 
their  education  in  Germany.    Let  us  hope  that  our  University  of  Pnris 
will  pursue  a  more  enlightened  course  and  repair  the  sad  mistakes  into 
which  narrow-minded  persons  have  led  her. 

In  1853  Brown  S^quard  was  in  America  and  led  there  a  very  nnset- 
tled  life.    In  order  to  support  himself  be  resorted  to  obstetric  practice 
at  $5  a  case,  and  assisted  in  the  preparation  of  a  treatise  on  obstetrics. 
In  the  meantime  he  married,  espousing  Miss  Fletcher,  niece  of  Daniel 
Webster,  the  celebrated  orator,  and  had  by  herason, recently  deceasetl, 
who  gave  his  father  but  little  satisfoction.    Brown-S^quard  returned  to 
Fraiice  during  the  summer,  without,  however,  finding  there  any  more 
solid  means  of  support.     Patients  did  not  care  for  a  physician  so  un- 
settled in  his  habits.     Ue  would  not,  however,  abandon  science,  which 
was  always  the  principal  subject  of  his  thoughts.     It  was,  indeed,  at 
this  time  that  he  published,  in  the  Philosophical  Medical  Examiner,  his 
first  paper  on  experimental  epilepsy.    Still  adventurous  and  unsettled, 
lie  returned  to  the  Uuite<l  States,  to  leave  again  in  18.54,  in  order  to 
visit  Mauritius,  his  native  island.    There  he  cfaance^l  upon  an  epidemic 
of  cliolem,  which  was  decimating  the  population.     Physicians  were 
needed.    Brown  Sf'quard  was  put  in  charge  of  a  hospital  and  various 
relief  eBtabUshment».    The  treatment  he  adopted,  founded  upon  the  nse 
ofopiam,  was  in  accordance  with  the  practice  of  the  period.    The  prin- 
cipal fruit  of  his  services  was  a  gold  medal,  struck  by  order  of  the 
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mnuicipalitf  of  Port  Louis.  At  tlie  end  of  the  year  he  retnmed  tri  - 
United  States,  wliere  lie  received  the  appointment  of  prufessos 
pbyHiolo^  in  the  University  of  Uicbtnond,  Virgiaia,  &nd  began  . 
course  in  1855, 

He  seemed  tben  to  have  a  secure  position,  wbicb  would  enable  hisi ' 
live  aud  to  devote  bttDRelf  to  original  researcbes.  This  was,  hovetr- 
a  delusion.  The  directors  and  tbe  papits  of  the  uuiversity  re^iair- 
didiictic,  elemeutary  knowledge  only,  to  prepare  tbe  pupils  to  aosv- 
examination  questions.  As  to  original  researches,  ueitlier  the  one  u 
the  other  cared  anything  about  them.  Besides,  there  were  alretd. 
coming  np  in  Virginia  certain  problems  of  a  more  extended  politi<^ 
and  social  character,  relating  to  slavery,  an  institution  thought  hy  tiir 
Southern  States  to  be  essential.  Already  there  n-as  beginning  t'.n- 
fermentation  which  culminated  a  few  years  later  in  the  irar  of  seoesi»:L 
Xow  Brown- St-qaard  was  too  much  attached  to  tbe  humauitariau  idn.- 
of  the  eighteentb  century  and  of  the  French  revolution  to  hesitate.  Hi* 
social  ]>osilioii  in  Richmond  became  unpleasant.  It  was  practi<it>V 
for  liim  to  make  a  change  lie  bad  in  view,  as  he  bad  been  able  toao)a:T- 
fioiiie  income  iu  the  practice  of  medicine.  Accordingly,  instead  o' 
pursuing  iu  tlie  United  States  the  career  now  open  before  him,  Ii«  lai<t 
advantage  of  the  small  sum  he  bad  accumulated  by  economy  ui 
hastene<l  to  Paris,  the  center  of  attraction  to  which  lie  was  ^wir- 
drawu. 

It  was  at  this  period  that  1  saw  him  for  tbe  first  time,  at  the  eod'-f 
1856,  in  the  sympathetic  circle  of  tlie  Society  of  Biology.  He  *j* 
tben  38  y^ars  of  age.  I  have  still  before  me  a  vision  of  that  origistl 
face,  delicate  and  kindly,  embrowned  by  tbe  climate  of  bis  uab're 
island;  those  keen  and  gentle  eyes,  always  in  restless  motion,  animatni 
at  once  with  an  affectionate  regard  for  the  friends  of  science  and  bj 
an  unceasing  and  ever- watchful  curiosity,  which  led  him  to  searcb 
out  her  secrets,  and  also  by  some  inexplicable  feeling  of  timidity,  wbiA 
doubtless  caused  his  inability  to  manage  bis  own  affairs. 

His  personal  devotion  to  science  was  unbounded,  and  led  him  moR 
than  once  to  make  experiments  that  might  endanger  bis  health.  Tbas 
he  repeated  iu  his  own  iiersoii  the  experiments  that  Spallanzani  had 
made  upon  ravens,  that  of  collecting  gastric  juice  by  meausofasponge 
attached  to  a  string,  swallowing  the  former  and  tlien  witbdrawiugit 
from  his  stomach  charged  with  the  precious  liquid.  Tbe  followiDg 
fitory,  even  more  striliing,  is  related  of  him. 

In  1851  be  was  making  researcbes  ut>on  red  and  dark  blood.  Be 
injected  into  the  arm  of  an  executed  criminal,  thirteen  hours  after 
Hiii—  "lO  grams  of  his  own  blood,  obtained  by  opeiiiD)r  a  vein. 

I  ip  in  the  rue  St.  Jacques  a  physiological  laboratory  in 

CO  rles  Uobin,  another  investigator  who  was  alao  lored 

bj  noiig  tbe  beginners  of  that  period  who  b»ve  since 

mi  ;  will  sufllco  to  mention  our  friend  Laboulbviie,  pro- 
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'^SBor  in  the  faculty  of  medicine,  wbo  lias  recently  been  snatched  from 
'.s;  Soseiitlial,  of  Vienna,  Westplia),  of  Berlin,  Czermak,  and  others 
vliose  nnmes  I  no  longer  remember.  Tbe  vivacity  and  personal  force 
»f  Brown-St'quard,  together  with  the  simplicity,  the  innocent  sincerity, 
vnd  the  generosity  of  his  character  were  particnlarly  attractive  to 
/onng  men;  bat  be  did  not  have  the  same  intloence  npou  men  of  age 
viid  authority,  wbo  daring  that  period  of  social  constraint,  looked  ii)>on 
all  innovations  witb  a  suspicion  fortunately  unknown  to  tbo  present 
generation. 

The  method  of  Brown-S^quard  also  excited  some  distrnst  among  those 
scientists  who  demand  a  didactic  rigor  for  all  demonstrations.  He  pro- 
fieeded  rather  by  intuitions,  based  upon  tbe  execution  of  incomplete 
experiments,  which  appeared  still  more  unsatisfactory  because  of  the 
extreme  complexity  of  physiological  problems.  Hence  arose  many  dif- 
ficulties and  doubts,  which  prevented  for  a  long  time  the  reputation  of 
our  future  colleague  from  obtaining  that  extent  and  solid  foundation 
which  it  has  since  acquired. 

At  this  time  be  was  engaged  in  researches  upon  tbe  aupraronal  cap- 
sules and  particularly  upon  the  spinal  cord  which  contradicted  tbe 
accepted  views.  These  gave  bim  a  certain  notoriecy  among  neurolo- 
(;i»ts.     I  will  again  refer  to  them  later. 

Nevertheless,  in  18-)t!,  the  Academy  of  Sciences  awarded  him  a  prize. 
The  fees  of  tbe  pupils  in  his  laboratory  provided  him  with  some 
resources,  and  tbe  assistance  of  Bayer  gave  him  some  patients.  As 
his  scientific  reputation  began  to  be  reestablished,  tbe  nature  of  his 
work  gave  bim  authority  us  a  practitioner  in  tbe  domain  of  nervous 
diseases,  that  Held  so  pregnant  witb  doubts  and  witb  desperate  hopes. 
His  practice  began  to  assure  him  the  advantages  of  a  professional 
career.  It  is  well  known  that  men  esteem  but  little  those  scientific 
discoveries  that  can  not  be  turned  to  profit. 

Tbe  researches  of  our  colleague  upon  epilepsy,  its  etiology  and  treat- 
ment, were  especially  celebrated.  Always  active,  and  always  scatter- 
ing bis  forces,  be  took  np  the  most  diverse  projects.  He  went  to  t^ju- 
don,  Kiliuburgb,  Glasgow,  and  Dublin  to  exhibit  bis  discoveries.  His 
autliority  was  at  this  period  greater,  perhaps,  in  England  than  in 
Trance;  he  was  therefore  divided  between  tbe  two  countries. 

In  1S88  be  undertook  at  Paris  tbe  publication  of  the  Journal  de 
i'kyaiotogie  de  Fhomme  et  den  animaux,  filled  with  bis  own  contributions 
iliiriiig  eight  years. 

In  tlie  month  of  May,  in  the  same  year,  be  was  called  to  the  Royal 
College  of  Surgeons  of  England,  and  delivered  there  six  lectures  in 
ivUicb  be  summarized  his  work  on  tbe  nervous  centers  and  gave  bis 
ideas  as  to  the  relatione  between  tbe  experimental  researches  and  tbe 
tberapentics  of  the  nervous  system.  These  lectures  were  published  in 
13G0  in  Philadelphia;  that  is  to  s»y,  in  the  third  of  the  intellectual 
centers  between  which  Brown-Scquard  continually  vibrated. 
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Ilis  experiment ou  epilepsy,  its  experimental  iirodactioD,  aodbe-' 
itary  transmiseion,  bad  especially  struck  tbe  world  of  mcMlicinc'  i. 
establisbed  tbe  reputation  of  Browu  as  a  iieDrupathoIogist.  Tik 
fore  wbeu  there  was  founded  iu  Lotidou  a  natioual  hiMpitul  for  epi;  ] 
tics  aud  paralytics,  Brown  was  appoiuted,  in  18d9,  its  physician,  m  i>>-< 
tiou  whicb  be  beld  for  ooly  a  few  years.  It  was  there  that  be  Btn 
assumed  tbe  cbsracter  of  the  chief  of  a  school,  and  stadeuta  baMei- 
to  attend  his  iristrnction.  No  salary  was  attached  to  tliis  pocdtioti 
physician  to  the  hospital,  but  there  were  comiiensattoiis  botli  is  i- 
way  of  honors  and  of  money.  Iu  1861  Brown  was  elected  a  mesitr 
of  the  Boyal  Society  of  London.  Attheaame  ttmehebeciune,  in  £b. 
land,  a  consulting  physician  whose  advice  was  very  mncb  aongtai.  ai. 
WAS  in  the  way  to  make  his  fortune.  His  reputation  extended  at  i  - 
same  time  in  France,  in  England,  and  the  United  States,  eveiywhR'- 
assured  because  of  bis  devotion,  his  activity,  and  bis  love  for  scieair 

He  indeed  preferred  science  for  herself  alone  rather  than  foru; 
profit  that  could  be  gained  by  her  aid.  Uia  patients  wearied  him  >e-l 
his  restless  nature  prevented  him  from  remaining  for  a  long  time  iu  tl- 
same  place  or  in  tbe  same  position.  As  he  became  more  ooDfidenC  ff 
tbe  value  of  his  discoveries,  he  became  more  firmly  resolved  to  devt'iT 
himself  to  a  purely  scientific  career  as  soon  as  be  could  obtain  tk  l 
necessary  means  of  existence.  This  confidence  had  its  base  in  bis  cos 
plete  and  absolute  respect  for  truth,  in  bis  slight  regM^  for  persocj: 
considerations,  and  especially  in  bis  lack  of  pretensions  to  iofallitNlin. 
a  too  frequent  weakness  of  some  of  tbe  most  celebrated  genioaes. 

In  ISCIt  we  find  him  again  at  Boston,  professor  of  the  patbolofy  (■' 
the  nervous  system  in  Harvard  Uuiversity.    It  was  his  wife,  a  natire  k'  | 
Boston,  who  had  persuaded  him  to  this  change.     His  name  and  teaeit    i 
jng  bad  become  popular  in  America,    fiappy,  sarruauded  by  (n«i<L<. 
sustained  by  the  influence  of  Agassiz,  who  was  then  all  imwerful  in  ibe    ' 
American  aniversitie<.  Browu-Sequard  seemed  to  have  at  last  beconr 
settled  in  his  life  and  iu  his  career.    Alas!  it  was  then,  as  often  hap- 
pens in  our  lives,  that  misfortune  struck  him  a  second  blow  in  faia  dev     , 
est  affections  and  disturbed  his  life  and  bis  thought— his  wife  di«d  in 
18C7. 

When  belotit  his  mother,  seised  with  a  sort  of  irresistible  impulse,  bt 
qnitted  all  and  fled  from  Paris  to  Manritins,  seeking  in  an  irreflecdrt 
physical  agitation,  if  not  consolation,  at  least  distraction  from  th 
domestic  grief  wbicb  overwhelmed  him.  Twenty  years  after,  the  dea^ 
of  his  wife,  whom  he  had  married  in  1S53,  plonged  him  aeain  jntoi 
similarly  disturbed  condition.  Hesoouquitted  the  place  where bi.«fnrf 
biid  prostrated  bim.  and  in  18C7  returned  to  Prance,  raeniniug  thtn 
the  so-  ~     -areer  that  had  been  interrupted  for  nine  years.    Tbis 

his  '  '>mmenc«d,  like  a  series  of  equal  periodir  cyck«.  ii 

vhi'  T  repeated  his  triple  |iart  of  experimenter,  joanulist, 

and 
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^s  an  experimenter  he  occupied  himself  with  researches  ceaselessly 
3egun,  laid  aside,  then  taken  ap  again  and  tboroaghly  carried  out, 
jipon  the  physiology  and  i)athology  of  the  nervoas  system, 

A.H  n.  joarualist  be  continued  bis  Journal  de  Pbysiologle,  abandoned 
ill  1S64  for  the  Archives  de  Physiologie,  published  in  collaboration 
^I'itli  Charcot  and  Vulpiaii.  Scieotiflc  Journalism  always  bad  for  bim  a 
particular  attraction,  in  spite  of  the  fatigues  and  disappointments  of 
tbe  x>T^f'e88ion.  He  loved  to  write  according  to  bis  own  fancy  as  well 
ns  to  combine  ingenious  experiments.  He  stimulated  his  collaborators 
and  showed  tbem  original  work  to  be  done,  applauding  every  novelty, 
attentive  to  every  mark  of  talent  in  young  people.  He  worked  much 
and  made  others  about  him  work. 

As  professor  he  also  made  his  way  and  became  established,  thanks 
to  his  personal  popularity  and  to  tbe  influence  of  Agasaiz  and  of  Kayer, 
now  more  jiowerful  than  ever  as  physician  to  the  Emperor,  and  like- 
wise supported  by  letters  from  Agassiz,  who  had  great  influence  with 
Napoleon  III. 

Kayer  bad  made  n  breach  in  tbe  long-establisbed  routine  of  tbe  fac- 
ulty aod  bad  undertaken  a  reform  wbicb  failed  for  reasons  it  is  unneces- 
sary to  recall  here.  He  profited  by  his  transitory  authority  to  establish, 
for  the  benefit  of  Brown-S^qnard,  a  provisonal  course  of  exi>erimental 
physiology  in  the  Faculty  of  Medicine  of  Paris.  Nothing  more  could 
be  done  on  the  atafl',  as  Brown  was  not  a  French  citizen.  He  thus 
reappeared  as  a  professor  where  be  had  been  a  student  in  bis  youth. 
Claude  Bernard,  Ynlpian,  and  Brown  had  cbmbed  up  side  by  side,  con- 
stantly increasing  in  reputation  and  discoveries,  the  ladder  of  superior 
instruction  by  which  we  are  elevated,  little  by  little,  to  the  first  rank, 
by  force  of  merit  and  the  opinion  of  our  peers. 

Brown-Si'quard  was  not  made  for  a  didactic  lecturer,  nor  was  he 
likely  to  carry  away  his  auditors  by  bursts  of  borrowed  eloquence. 
But  he  excelled  in  displaying  his  own  discoveries  with  a  sincerity  that 
was  not  wanting  in  fiuesse.  His  researches  on  the  hereditary  trans- 
mission of  nervous  lesions  attracted  the  attention  of  both  physicians 
and  naturalists.  They  were  also  in  close  relation  with  the  theories  of 
Lamarck  and  Darwin  on  the  gradual  modiBcation  of  organisms  trans- 
formed both  by  natural  selection  and  the  artificial  conditions  of  esist- 

But  Brown  could  not  bring  himself  to  continue  a  Hxed  residence 
siiyirliere.  During  the  siege  of  Paris  be  was  on  a  journey  to  the 
United  States,  where  he  gave  a  series  of  lectures  of  which  the  proceeds 
were  intended  for  our  wounded. 

In  1872  there  was  another  change.  He  married  a  second  time,  bis 
bride  being  an  American,  Mrs.  Carlyle,  of  Cincinnati,  by  whom  he  had 
a  daaf^Iiter,  now  the  wife  of  a  physician  in  Dublin.  He  gave  up  bis 
provisional  chair  in  Paris  at  the  moment  when  measures  bad  been 
taken  t«  naturalize  him,  so  that  it  could  be  made  permanent,  and  estab- 
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lisLed  liimseir  at  New  Vort  as  a  oonsoltis^  physiciaii.  H  is  oiam. . 
were  always  one  of  the  caiues  of  the  pen>etoal  oacillatioDB  whic^ 
vented  bim  from  taking  root  anywhere.  He  haatened.  as  -wmm  bis  u. 
liable  method,  to  immediately  foood  a  medical  joamal,  Tla«  Arcfc: 
of  Scientific  and  Practical  U^idoe  a&d  Surgery.  Bat  few  dbbI- 
of  this  journal  were  pobliitbed.  It  contained  BrowD*s  first  p^>^  ^• 
inhibition  and  dynamogeny. 

This  new  {leriod  of  hia  life  waa  not  a  happy  one-  I>ist<irbe<I 
domestic  Irrmbles,  finding  nowhere  aboat  him  the  qniet  neoeasair  : 
hia  scientific  pnrsnits,  tormented  by  a  perpetnal  need  for  moo^  wk^-. 
be  coaM  not  succeed  in  controlling,  bis  tired  lacultieB  no  loDger  naf 
ciug  for  Uie  simnltaneous  efforts  required  for  the  enforoed  qnie: 
scientific  refiection  and  the  strnggte  for  material  resources,  Bn>*i 
3e<;nard  now  passed  some  of  the  ntost  painful  years  of  bis  life. 

On  Febrnary  VZ,  1873,  in  a  private  letter  to  a  friend,  be  n-n>te:  -Y"- 
are  yonug.  and  yon  have  a  nomeroos  family;  yon  bave,  as  a  conipen«< 
tioti  for  yonr  exile,  the  constant  assurance  of  sincere  affection.  Bat  I 
who  am  growiug  old  with  frightful  rapidity,  have  near  me  only  p«t>ftir 
destitute  of  any  tender  feeling.  Alas!  what  will  become  of  DK-r 
''Vnur  departure."  he  a;ndn  Baid,  "is  the  greatest  misfortane  Ibat  Iii- 
hapi>eiie<l  to  me  for  a  long  time.  Not  only  were  you  a  coneolstioii  c. 
me  by  ynur  sincere  attacbmeut,  yon  were  also  a  living  reminder  of  ih- 
Society  of  Biology  and  of  my  Parisian  friends.  1  can  not  endure  tit 
idea  of  living  here  for  the  rest  of  my  life.  I  am  very  nnbappy.  h 
the  future  I  intend.*'  he  udds,  not  without  a  certain  urtlessnesa.  -t* 
pans  four  or  five  weeks  in  England,  three  or  four  months  in  Paris,  sod 
the  winter  here.    I  can  make  »  living." 

He  succeeded  in  doing  tliis  by  means  of  medieal  coamiltations.  IV 
publication  of  the  Journal  had  le^l  to  some  losses  of  money ;  his  lei-tnm 
brought  but  little  profit.  Bat  nervous  diemrders  abounded;  in  tlii< 
res|iect  he  seemed  not  to  want  for  resources.  "  I  arrived  from  Boetoa 
to-day  {April  ifli;.  I  have  never  seen  anything  like  the  scenes  thi: 
occurrwl  yestenlay.  From  7  o'clock  in  the  morning  to  S  o'clock  in  the 
e\euinfr,  when  I  refnse<l  to  see  any  more  sick,  there  was  an  uniut«r- 
nij)ted  How  of  very  patient  patients.  The  last  which  I  saw  bad  ben 
waiting  for  their  turn  for  five  or  six  hours." 

At  this  time,  too,  the  M-ientific  career  of  BrowD-Sef|oard  appeaml 
to  be  settled  by  a  detluite  appointment  in  America.  I  refer  to  a  chair 
of  physiology,  provided  with  a  vast  laboratory  and  forming  part  of  ■ 
great  scientific  establishment  that  Agasaiz  had  oi^nized  with  the  aid 
of  i»  generous  patron.  The  matter  should  be  reported  in  detail,  as  it  is 
characteristic  of  tlie  state  of  science  in  the  United  States. 

"You  know  about  Agassizlslandfon  the  north  sideof  Long  Island,* 

writes  Brown  to  a  friend.    '•  It  is  about  as  large  as  the  varioas  pnblif 

'^ndon  put  together;  it  is  very  fertile,  and  is  worth, tofntbtr 

>uses  that  have  been  built  niwn  it.$IOO,000.     Hr.ADderwm, 
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lio  ^ave  this  island  to  Agassiz,  has  just  antliorized  bimtoexpeodtiimn 
'  the  wbole  of  a  capital  of  9^,000.  Agaaaiz  has  asked  me  the  direct 
aestion :  "  Wbat  will  yoa  take  per  year  to  carry  on  tbe  chair  of  expert- 
lental  physiology  (bat  I  propose  to  foandt  Include  in  this  all  yonr 
xpenses,  for  I  wish  you  to  give  up  the  practice  of  medicine."  This  was 
ven  'beyond  tbe  dreams  of  Brown-8i;(]uard,  and  to  crown  it  he  adds: 
'  A-goBBiz  is  soon  going  to  have  tbousaods  of  rabbits,  guinea  pigs, 
lirds,  pigs,  cats,  dogs,  and  living  cold-blooded  animals,  all  of  which 
le  -will  pat  at  tbe  disposal  of  esi>eriineDters.  Why  am  I  not  again  30 
/ears  old!" 

Bat  this  ideal  dream  of  tbe  physiologist  was  not  to  be  realized. 
Agassiz  fell  sick,  and  tbe  propositions  that  he  had  made  to  Brown  came 
to  nothing.  Institutions  that  depend  on  the  good  will  of  a  single  per- 
eoii  are  sbbject  to  the  same  vicissitndes  as  his  life  or  his  mental  condi- 
tion. Those  only  rest  on  a  solid  foundation  that  have  tbe  support  of 
the  State,  or,  at  least,  that  of  a  great  organization  controlling  unin- 
cumbered capital.  We  have  been  informed  by  several  European  scien- 
tists who  have  settled  in  America  that  tbe  regular  salaries  are  smtill 
when  we  take  into  account  the  increased  cost  of  living,  and  the  sitna- 
tiona  are  uot  always  permanent,  as  in  old  Europe.  If  donors  are  ensily 
found  to  encourage  a  scientific  project,  contJDuat  support  is  more  rsre 
and  often  dependent  ui>on  the  good  will  of  someone,  or  upon  the  legis- 
lative assemblies,  which  regulate  and  change  it  every  year. 

In  tbe  month  of  July,  1873,  Brown-Sequard  was  again  in  Europe,  at 
Brighton,  sick,  exhausted  both  by  work  and  by  domestic  troubles.    "I 
'    am  in  the  depths  of  despair;  life  is  odious  to  me.     It  is  possible  that  I 
will  never  return  to  America."    In  October,  however,  he  was  again  in 
Hew  York,  always  a  prey  to  the  most  sinister  foreboding.    "I  have  a 
I    constant  headache.    I  think  that  I  am  fatally  aflected."    Annoyances 
of  all  kinds  and  money  embarrassments  increased;  his  patients  did  not 
I     pay  him,  and  he  adds:  "They  owe  me  nearly  94,700;  I  would  be  bank- 
I     rupt  if  an  illness  should  keep  me  for  a  month  without  making  nny- 
I     thing."    His  impressionable  nature  was  still  more  disturbed  by  bis 
I     domestic  troubles  than  by  his  i>ecuuiary  embarrassments.     "Despair 
I     and  uncertainty;  these  are  my  lot.    What  would  I  not  give  to  have  you 
with  me.     I  have  so  much  need  of  your  sympathy  and  assistance.    I 
can  rely  no  longer  on  my  own  health.     I  fear  that  I  may  die  suddenly, 
or  fall  sick,  good  for  nothing — I  am  afraid  I  have  a  serious  cerebral 
affection.     If  you  have  more  confidence  than  I  in  my  health,  come  to 
me  as  soon  as  possible.     As  soon  as  I  have  no  longer  any  depressing 
influence  near  me  everything  becomes  easy.    My  wife  is  always  very 
sick;  as  for  myself,  I  am  exhausted."   But  bis  generous  feelings  awaken 
at  the  touch  of  science.    "Tbe  fact  is  decisive,"  he  answers  a  corre- 
spondent, who  had  written  him  concerning  an  observation,  "it  belongs 
to  yon;  pnll  the  string  and  you  will  then  pass  to  another." 
In  1S74  he  lost  his  second  wife,  whose  conduct  had  been  a  Bource  of 
SM  98 U 
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[wrpcMal  lorMMit  to  kuL  Bat  be  was  still  dntarbed  eoncvnn;:  4 
cvMTof  kwao*.  It  TO  St  tkis  timt  tkat  be  rafiued  a  chsir  nil 
UaivaaJtr  of  GU^^ov.  beeaaae  of  the  dunUe.  He  repaired  to  5i 
York,  tu  Cbe>irr.  to  Pmiis.  sad  in  I'iT^  »es>o  rctomed  to  Xev  Y  : 
alwajrn  involreil  in  fiuiBcul  difiesltin.  -I  h»ve  tbfl  Bneaas  for  !  n 
'}a*t  ui»«  aMHitlift.  after  Thirfa  tliere  is  mbsolntely  DotfaiiiE.  I  muut  ■ 
f'lr  all  pat  my^lf  ia  a  position  to  cam  soaetliiiig  fnr  my  ofal  ij 
wbich  is  raptdlf  coming  oo." 

The  y^rars  Id<4  aod  1873  were  thiu  passed  in  agitationa  of  all  kin  :- 
illoe~<.inelan'-liolr,aadIaMeatati<His — vitboot  bis  beiuj;  aMe  xoAf 
wbat  to  do.  He  be^tated  between  Glasgow,  Geaeva,  Paris,  aud  N  ' 
York.  "To  cboose  i*  very  perplexing;  there  are  diffiralti««  «»■.: 
wtiere."  lu  the  mi'ist  of  all  this  be  gare  lectures  on  aniaaro*i«  i 
bemianu-stbesia:  a  scientific  discussion  with  Charcot  in  the  Socteti 
Iliulogy  excited  liim  greatly.  Another  trait  of  ehar»eter  may  be  d  ^ 
tioned :  In  ISTA  he  visited  in  Paris,  ae  a  consnltittg  physciaA.  !>><■ 
I'e^lru,  whoHe  affable  and  o|ien  cooDtenaoce  we  all  remember.  T 
Brown -S(H]afird  did  not  feel  entirely  satisfied.  He  saw  that  sovereij  - 
do  not  like  to  be  treated  on  lertns  of  equality;  one  can  alwayf)  fed  r-.- 
claw  under  the  velvet  foot  of  the  leo|«rd. 

In  1877  be  married  a  tbird  time,  espoosiug  the  widow  of  r>«>ben7 
the  painter.  This  wife  died  in  1894,  a  few  months  before  bim.  It  n- 
at  the  time  of  this  marriage  that  be  accepted  for  a  wbtle  a  cbair<' 
physiology  in  the  University  of  Graieva,  bat  circnmstaneee  preventK 
him  from  ever  occnpying  it.  He  bad.  however,  reached  the  end  of  b:- 
life  of  wandering  and  agitation  and  was  about  to  find  among  as,  in  j 
pnrely  scientific  situation  of  the  vwy  first  rank,  a  rest  for  his  declinin: 
yeartt,  snrronuded  by  honors  to  which  bis  long  caieereuUtled  him.  Be 
had  always  been  dominated  by  an  ardent  zeal  for  intellectual  mattfi^ 
and  he  had  not  hesitated  to  sacrifice  to  them  the  advaolages,  evn 
though  well  earned,  which  belong  to  a  purely  professional  career. 

Brown 'Bi^-quard  wa^  in  Xew  York,  in  1878,  when  hebeardof  tbedeats 
of  Claude  Bernard,  who  was  snatched  away  after  a  few  weeks'  illows 
by  an  affection  of  the  kidneys.  Brown  immediately  proceede«1  to  Piri- 
to  apply  for  the  iKisitiou.  So  obaircoald  suit  better  this  original  iiUB<i 
than  that  which  had  been  occupied  by  Mageudie  and  Claude  Bernini 
nor  could  any  teaching  be  better  adapted  to  him  than  that  io  tbt 
(;oneKe  of  France,  a  teaching  essentially  personal  and  in  which  e*l 
teacher  gives  out  Iiim  own  ideas  and  exhibits  bis  own  work  at  the  reij 
moment  he  has  completed  it,  whether  in  bis  stndy  or  in  his  laboratorr. 
without  any  caro  for  a  didactic  coarse,  following  no  set  progrannf, 
not  mibject  to  the  fatigue  of  examinations  which  are  at  once  tlie  eri- 
den<:o  of  a  course  and  Ihe  proof  of  capacity  of  candidates  for  diplomas. 
TU'iA  way  of  considering  teaching  as  a  i>ersonal  matt«r  suited  perfectlj- 
'cious  mind  of  Brown  Sequard,  characterized  by  good  qualities 
iperfectionH,  but,  above  all,  original  and  inventive.    Be  was. 
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tierefore,  warmly  welcomed  by  tfae  aasembly  of  professors  of  the  col- 
:ig&  and  by  the  sectioo  of  the  academy,  by  whom  be  was  presented 
o  the  niiuister.  Bat  he  had  first  to  go  through  the  formalitieB  of 
iHtaralizatioD,  which  was  iudidpensable  to  a  titnlar  professor. 

Bo  Brown-S^aard  finally  settled  iii  France,  and  never  again  re- 
crossed  that  ocean  which  he  bad  traversed  so  many  times.  He  fonad 
niitODg  us  that  regnhir  snpport  that  was  necessary  for  the  carrying 
on  of  his  work.  He  ceased  to  be  distracted  between  the  straggle  for 
existence,  which  mnst  be  the  care  of  every  man,  and  the  necessity  for 
searcbing  for  the  tratb,  which  was  his  individual  predilection.  Hitherto 
be  bad  oscillated  between  the  two  without  being  able  to  resolve  to  live 
with  sneb  singleness  of  purpose  as  would  have  freed  him  both  from 
perplexities  and  weakness  in  his  business  affairs  and  in  his  scientiflo 
work.  He  henceforth,  for  sixteen  years,  lived  happily  and  tranquilly, 
at  least  as  mach  so  as  bis  ever-active  nature  would  permit. 
Hia  activity  did  not,  indeed,  decrease. 

As  early  as  1875,  at  the  time  when  bo  was  making  his  researches 
ui>oi]  inbibitiou,  be  touched  upon  a  new  subject  which  he  was  destined 
to  develop  more  as  the  time  went  on ;  this  was  the  subject  of  internal 
secretions  and  their  physiological  signiflcance.    In  1881  the  Academy 
awarded  him  the  Lacaze  prize;  in  1885  the  great  biennial  prize.     In 
18^  he  was  elected  a  member  of  the  Academy  of  Sciences  in  the  sec- 
tion of  medicine.    Ue  succeeded  Vulpiau  as  he  had  succeeded  Claude 
Bernard  in  the  College  of  France.    Both  bad  been  for  a  quarter  of  a 
century  his  colleagues  in  the  Society  of  Biology.    They  bad  been  pres- 
idents of  that  society.    Browa-S^uard  also  became  one  in  his  turn,  la 
the  place  of  Paul  Bert,  who  was  younger,  but  who  yet  died  before  him. 
He  there  trained  pupils  who  have  since  made  their  mark, and  be  had  for 
his  successor  oar  colleague,  d'Arsonval,  who  served  his  apprenticeship 
at  the  College  of  France  under  Claude  Bernard  and  Brown- S^quard, 
and  who  took,  in  his  turn,  a  special  flight  of  his  own,  giving  to  hia 
teaching  an  originality  no  less  striking.    So  it  is  that  in  life  we  are 
called  to  replace  successively  the  fi-ienda  of  our  youth  and  more  mature 
age.    We  may  be  counted  happy  if,  during  the  long  course  of  oar 
esLBtence,  our  affections  have  not  been  chilled  or  blasted  by  rivalries, 
or  even  by  divergencies,  at  first  inappreciable,  which  gradually  sepa- 
rate clmracters  and  interests. 

Ill  189-1  BrowuSt^qnard  lost  his  third  companion,  to  whom  ho  bad 
been  tenderly  attached  for  eighteen  years.  Although  time  had  calmed 
tlie  eKpressiou  of  his  feelings,  formerly  so  violent,  still  it  had  not  chilled 
bis  heart.  This  last  stroke  was  too  much  for  him — be  could  not  bear 
it.  "I  can  work  no  more,"  he  said,  "all  is  finished.''  He  returned 
from  Nice  to  Paris  in  March,  and  expire*!  on  the  Ist  of  April.  At  the 
luteruational  Congress  at  Home,  which  was  in  session  at  that  time,  our 
colleague,  Bouchard,  with  tears  in  his  eyes,  read  to  the  section  of  phys- 
iology the  dispatch  announcing  the  death  of  the  illastrioas  scientist. 
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TW  esttte  aansMy  r 

It  Mat  a  fakgi—  ifo 

«  hmt  hoBacc  t*  tha  life  tba«  vm  w^tOf  4rracc4  «»  < 

iMefgfc  fortrmtk. 

The  aewBtifte  work  ■#  B(vw»Sc^nri  is  e 
•ztrads  to  Dcarijr  aD  braacWi  of  phjsilaCT.  tkcHC  bciap  u^j^^iat-. 
tan  by  tbU  inde&tigable  espiarcr. 

Tfauwork  bean  tbestaapof  tWpCTSMafitraf  tkcasAkr.  I:  > 
aa  iDtattire  ckaracter.  goftrmei  bj  kis  ii 
the  orifiiial  side  of  btw  probhii  aa4  fia  attack  aU  ] 
noezpeetcd  way.  Bat  be  did  nac  stick  tamg  toamj  paiat: 
one  of  tboae  who  stndj  for  a  long  twa  witk  ■iaate  an^tMv  a  pa 
ticnlar  fact  under  all  coMlitioaa  aatil  tbcy  bare  a  eovplrte  k^wWj 
of  it.  CoiwtaDllj  dran  in  diTvrs  dtccctiDMS  b^  aa  iwi  ihaai  -  - 
earioMty,  b«  bad  do  tioie  to  jualr^e  ia  aa  extewled  aari  rigtmums  k.  : 
oer  the  fact*  be  bad  jasc  dianwcred.  Be  vaa  ia  too  Mack  «f  a  bEiT- 
to  net  OD  and  bad  to  retors  to  bis  work  *g'tiM  aad  agaia  aad  »^pi#t  ^- 
iwperfectlj  fioisbed  stadiea  and  <Wiia<tririna<»  far.  Iko«^  keo'te; 
<;hanged  tbe  object  of  his  rcaear^cs,  tb^  were  alwaj3  |aeatjt  ia  1  - 
uiiml,  and  he  was  always  seekias  to  eafir  tbea  farther,  aewa-  be^ 
tatiii^  to  scknowled^  fonser  errors.  Tkis  is  a  pbpaoMeaoa  tkat  bi.- 
ofteu  beeoDOted  in  the  history  of  adesee:  there  is  acertaia  oppoat^-:. 
or,  ratber,  COD  trast,  (rften  seen  between  the  iarentiTe  geaias  wkodaacvrer- 
new  Cuts  and  the  precise  stind  that  ^rea  to  tbea  Ae  fiaal  aaacCioa  -i 
exact  demonstratioa.  These  two  kinds  of  miads  ate  eqaallj-  aeeesair 
and  Kopplement  each  otbo'  reci|HoeaDf ,  witboat  tberc  beia^  boweig. 
auy  exact  line  of  demarcatioa  betweea  tbe  acicotista  who  poasem 
tbem.  That  Brown-Seqnard,  wbo  may  be  said  to  be  as  iareator  rsibe 
t  baa  a  denoustrator,  once  gave  at  London  a  leetnre  (eaOed  the  CrooBiiE 
lecture)  on  tbe  life  of  tbe  mcucles.  a  lectnte  etted  b;^  Jofca  StasK 
MillH  iu  his  Treatise  on  Lc^c  as  a  perfect  exaaple  of  tbe  e«pti>r- 
aif.ut  of  tbe  foiir  scieutific  methods. 

Tlie  labors  of  BrowD'Setgnani  were  directed  especially  and  priaetpaCT 
to  tlie  clacidation  of  the  Decesgarily  related  subject^  tbe  pbynofefT 
and  ])athology  of  tbe  nervons  system.  Daring  tbe  latter  years  of  h» 
life  be  wided  to  it  a  new  inreetigation,  equally  important,  which  k»- 
o|)eiied  Hnrpritdog  vistas  in  medicine — that  of  internal  seeietioBs  saJ 
their  normal  office  in  tbe  healthy  bnman  organi»n.  as  well  m  tbcc 
tberaiieatic  eflect  upon  the  organism  when  diseased. 

Ill  tbe  early  part  of  bis  career,  io  1S46,  be  b^can  tbe  stody  of  tbe 

spinal  C4ird  as  tlie  transmitting  agent  of  seoaory  impressions  and  motor 

|ui[iulseH.     lie  attacked  a  problem  which  seemed  at  that  time  ahradr 

s()lve<I  liy  the  discovery  of  two  kinds  of  nerve  roots  taking  oripnin 

^ord — the  motor  rooU  and  tbe  sensory  roots.     Charles  Bell 

oded  that  distinction  to  the  columns  of  the  oord  itaelt 
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File  sensory  traDSmiBeion  was  thought  to  take  place  esclosiTely  by  the 
posterior  colamns,  motor  transmission  by  the  anterior  colonins. 

This  was  a  very  simple  and  clear  doctrine,  that  appeared  to  be  well 
established.  Bat  in  the  sciences,  especially  in  those  that  relate  to  life, 
well-defined  limitations  of  this  kind  are  not  often  foand.  Browo- 
S^quard  reopened  the  whole  question  by  his  experiments,  especially  by 
Btaowiiig  that  the  transmission  of  sensory  impressions  may  take  place 
through  the  gray  matter  of  the  cord  quite  as  well  as  or  better  than  by 
the  posterior  colmon. 

At  the  same  time  he  investigated  another  idea  that  had  been 
cannally  referred  to  by  the  brothers  Weber — that  of  inhibition;  to 
this  Brown-S^qoard  returned  again  and  again  during  thii'ty  years, 
giving  to  it  immense  developments. 

The  statements  of  Brown-S^quard  were  at  first  received  with  some 
distrust,  as  often  happens  with  those  who  oppose  generally  aoGept«d 
ideas  and  dominant  scboots.  TheoHicial  professors  of  the  universities 
often  have  their  conrse  of  iustrnctioii  fixed  and  do  not  like  to  have  the 
trouble  of  changing  their  teaching.  Brown  finally  trinmphed,  for  he 
pnrsaed  his  experEmeots  n-ithoat  relaxation,  giving  them  increasing 
variety  and  attraction  of  form.  He  found  that  a  traosverse  section  of 
one-balf  of  the  coi-d  caused  a  paralysis  of  movement  on  the  same  side 
and  a  paralysis  of  sensation  on  the  opi>osite  side  in  regions  which  receive 
their  nerves  from  the  part  of  the  cord  situated  above  the  section.  This 
is  what 'Brown  calls  a  unilateral  paralysis.  The  experimental  fact 
corresiKioded  with  various  pathological  observations  made  on  man  and 
was  of  use  in  diagnosing  certain  lesions  of  the  spinal  cord. 

This  was  not  all.  The  reflex  power  of  the  cord,  almost  abrogated  at 
the  moment  it  is  separated  from  the  brain,  afterwards  gradually 
increases  and  the  section  of  the  posterior  colomns  is  followed  by 
hyi>era>sthesia.  In  a  report  read  on  the  21st  of  July,  1885,  to  the 
Society  of  Biology,  Broca  confirmed  the  exactitude  of  these  experimen  ts^ 
causing  a  profound  revolution  in  the  doctrine  of  Bell.  The  discussion 
continued,  none  the  less  heated  and  active,  from  1850  to  1860,  withoat, 
however,  causing  Brown,  whoever  might  conti-adiet  him,  to  have  resort 
to  those  personalities  which  too  often  enveaom  scientific  discussions. 
A  similar  question  of  this  sort,  yet  more  complex,  separated  Brown- 
Sequard  and  Charcot  in  1874.  This  was  that  of  the  central  localiza- 
tion of  functions.  The  paradoxical  mind  of  Brown  Si.'qaard  was  always 
ready  to  raise  objections  to  accepted  theories.  Be  gave  three  lectures 
to  the  Royal  College  of  Physicians  in  London  to  show  that  there  is  no 
relation  between  a  given  cerebral  lesion  and  a  t-oncomitant  paralysis. 
The  question  is  indeed  a  complex  one,  the  simple  relations  which  seem 
80  evident  a  priori  being  often  contradicted  by  certain  secondary  effects 
or  a  lefiex  nature,  in  which  intervene  some  inhibitory  symptoms,  A 
local  lesion  of  the  cord  or  brain  may  thns  cause  congestions  and  hemor> 
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Ehs  therefore  always  sniroDDdfd  at  his  various  residences  by  a  collec- 
on  of  these  little  aQimals,  and  was  always  ready  to  sbow  to  viaiCiug 
'ieotista  experimeDts  coofirming  bis  assertions. 
The  discoveries  I  have  jnst  sketched  all  relate  to  the  stady  of  the 
tervous  system.  If  they  do  not  form  a  single,  methodical  whole,  they 
it  least  show  au  evident  dependence  and  c-oniiection  with  each  other. 
'lat  Brown -S^qiiard  also  attacked  other  problems,  some  of  which  have 
■contributed  in  no  small  degree  to  jiopularize  his  reputation.  I  will 
not  Bpenk  here  of  bis  experiments  uixtn  asphyxia,  upon  red  and  dark 
blooti,  upon  tbe  exciting  effect  of  carbonic  acid,  and  the  injarioas  effect 
of  expired  air,  distinct  from  those  of  carbonic  acid,  etc.  These  obser- 
vatious  were  isolated,  or  nearly  so.  But  we  would  leave  an  important 
gap  ia  the  biography  of  our  friend  if  we  did  not  give  some  space  to 
his  work  and  ideas  concerning  internal  secretions. 

Among  the  multiple  glandular  organs  which  are  found  in  the  haman 
economy,  the  greater  part  produce  iKjuids  which  can  flow  ont  through 
visible  channels.    The  fiinction  of  the  glands  is  made  evident  by  this 
meaus,  and  that  of  their  Becretions  is  also  manifest,  ut  least  in  a  general 
vay.     Still,  there  arc  some  whose  use  and  even  existence  have  remained 
obscure  up  to  a  recent  period.     Sack  are  the  spleen,  tbe  suprarenal 
capsules,  the  thyroid  body,  and  others  that  might  be  mentioned.     In 
1856  Brown  Si'quard  took  up  the  Study  of  these  functions.    He  began 
with  tbe  soprarean)  oapsales,  incited  to  work  in  this  direction  by  the 
existence  of  certain  diseases  of  origin  unexplained,  except,  indeed, 
that  they  coexisted  with  a  lesion  of  the  suprarenal  capsules.    Browo 
discovered  that  the  extirpation  of  these  glands  in  an  animal  was  always 
tollowed  hy  the  death  of  the  animal.    This  be  attributed  to  the  exist- 
ence of  some  internal  secretion  of  these  organs,  a  secretion  continually 
discharged  into  tbe  blood  and   necessary  for  life.     But  he  went  no 
further  at  this  time,  and  did  not  take  the  subject  up  again  until  twenty 
years  later,  in  ISSO. 

This  time  he  tried  another  gland  and  examined  the  physiological 
action  of  tbe  testicular  fluids,  being  led  by  divers  reasons  to  suppose 
that  those  fluids  contained  certain  substauces  which  they  also  dis- 
charged iuto  the  blood  and  which  tended  to  exalt  the  power  of  tbe 
nervous  system  and  to  keep  np  the  vital  energies.  He  did  not  hesitate 
tu  extract  tbesc  fluids  from  the  organs  of  uninials  and  to  make  upon 
hiiDHelf,  by  means  of  hypodermic  injections,  certain  trials  of  them  which 
appeared  decisive.  He  concluded  that  he  bad  discovered  a  new  tbera- 
pcatic  method.  The  subject  required  delicate  manipulation,  uot  only 
becaiiBe  of  tbe  extraordinary  precautions  required  for  this  kind  of  iooc- 
iilatioiiK,  but  of  charlatanism,  always  ready  to  possess  itself  of  new 
curative  procedures.  Brown-Sf^quard  did  not  cease  to  protest  against 
tlie  »base  by  which  bis  name  was  made  to  cover  industrial  enterprises. 
But  be  pereisteil  in  the  idea  and  it  developed  with  increasing  import- 
ance, until  it  now  constitutes  an  entire  new  method,  designated  under 
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